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1:1 OBJECTIVES OF THE STUDY 
With the introduction of the evoked potential technology in the diag-
nostic armamentarium of the clinician it became necessary to delineate 
the diagnostic yield of it in paediatric neurology (23). After some 
initial studies concerning the diagnostic value of brainstem auditory 
and somatosensory evoked potentials in young children with mental 
retardation and brain tumors (24, 26), we expected the technology to 
be of some value in the neurological assessment of premature infants 
at risk for cerebral damage and/or dysfunctions. 
A large body of literature is concerned with the limitations of the 
neurological examination in infants and its predictive value for 
future functioning. During recent years neuroradiological technics and 
transfontanellar echo encephalography have been able to inform us more 
precisely of the extent of structural brain lesions. A striking 
discrepancy is often noticed between the extent of braindamage and the 
degree of disfunction. Laboratory examination of the spinal fluid for 
specific components reflects tissue destruction and also yields addit-
ional information concerning the quality of the infant. The neonatal 
EEG-polygraphy carries prognostic predictive power in definite 
abnormal and normal tracings, but little in the large group of 
"borderline" records (25). Furthermore, the EEG is aspecific and has 
its well-known limitations. Evoked potentials offer specific 
information concerning the quality of the conduction of afferent 
visual, sensory or auditory input systems. 
In this study we investigated the evolution of auditory evoked poten-
tials in premature infants and a group of healthy mature newborns. 
Precise knowledge of this evolution is a prerequisite for the clinical 
application in patients of this age group. In the preliminary search 
for the replicability of auditory and somatosensory evoked potentials 
(SSEP), it appeared that the auditory modality was more useful in its 
detectability at the various levels of the central nervous system 
(CNS) in the very young, than the SSEPs. A protocol was designed, as 
described in chapter IV, for recording the brainstem, middle latency 
and long latency auditory evoked responses, in prematurely born 
infants. The approach to study "audition" in infants by means of the 
auditory evoked responses, has its intrinsic limitations and possibil-
ities. For comparison reasons, some developmental properties with 
respect to auditory function in preterm infants are reviewed in § 1,3. 
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The anatomical and neurophysiological basis for the brainstem, middle 
latency and long latency auditory evoked responses, together called 
the BMC ARs, will be reviewed in the next chapters. 
The results of a study in healthy mature newborns will be described in 
part II, chapters V-VIII, and those in prematures will be reported in 
part III, chapters IX-XIII. 
1:2 HISTORICAL REMARKS 
In the first half of the 19th century the discovery was made that the 
operative force in the function of nerves and brain was electricity. 
Even more remarkable is the fact that studies concerning evoked 
cerebral electrical activity to external stimuli were reported, prior 
to systemic studies on the spontaneous ongoing electrical brain 
activity. Caton reported in 1875 on the existence of electric currents 
in rabbit brains as measured by a galvanometer (5). He noted a corti-
cal surface positivity in relation to the surface of a section through 
the cortical grey matter. Negative variation of currents could be 
elicited by heed rotation and mastication. 
Beck reported similar results in 1890 independently from Caton (1). At 
the turn of the 19-20th century, Larionov initiated the search in the 
localization in the brain of sound perception (4, 18). The reports 
appeared in Russian journals, and the first photograph of an evoked 
potential, obtained after sciatic nerve stimulation, was published by 
Pravdich in 1913 (4, 22). 
The first communications concerning the auditory evoked potentials 
date from 1939. This concerned a report by Davis on the K-complex 
after sound stimulation in an awake subject (7). The "K-complex" 
appeared in the ongoing EEG. The late cortical responses are of 
sufficiently high amplitude to be recognized in the EEG. 
The introduction of superposition of evoked response records made 
recognition of the late responses somewhat easier in the relatively 
higher voltage EEG background activity. Dawson pointed in 1951 to the 
value of signal "summation" in order to clear the superimposed records 
from unwanted random spontaneous activity (8). As he then stated: "A 
much greater degree of discrimination may be obtained if instead of 
superimposing the records they are added to obtain the mean. Waves not 
regularly related to the stimuli are insignificant in the mean curve." 
The introduction by Clark in 1958 of ACR-digital computation, also 
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called the average response computation, enabled an exponential growth 
in the application of the summed averaged evoked potentials both in 
basic and clinical research (6). It became possible to identify 
extremely low voltage stimulus-locked signals from relative high 
voltage background activity. 
As a result of this, Geisler was the first to report on the middle 
latency auditory evoked responses (MLRs) in 195B, and initiated with 
his study the ongoing debate of the myogenic versus neurogenic origin 
of the MLR components (13). In 1967 Sohmer and Feinmesser reported on 
the scalp recording of the potential of the auditory nerve by means of 
the summation and averaging method (31). This was shortly followed by 
the report of Jewett and Willistone in 1970 on the recording of 
brainstem responses from the human scalp (15). The human brainstem 
auditory evoked potentials or the auditory brainstem responses were 
born. Thus, in chronological terms, the auditory evoked responses were 
discovered centrifugally, as a spin-off from other discoveries. 
I;3 THE EARLY FUNCTIONAL DEVELOPtfNT OF THE HUMAN AUDITORY 
SYSTEM 
1.3.1 General Reearks 
Studies concerning the functional development of the auditory system 
in the human have been performed by means of behavioral observations, 
evoked auditory reflex activities and neurophysiologicel techniques. 
Extensive reviews in this field have recently been published (11, 1A, 
28, 36). Dependent on the type of "response" study, conclusions can be 
drawn regarding cortical, subcortical or over-all functional 
qualities. Generally a fair correlation exists between the data 
obtained by means of behavioral and physiological techniques (2B). 
One of the important issues in all those developmental studies is the 
type of stimulus to be used (14). Eisenberg noted in a study on 
infants of 34 to 42 weeks conceptional age (CA), that the complexity, 
frequency and duration of stimuli were important determinants for the 
responses. Stimulation with high frequencies provokes less behavioral 
responses than stimulation with lower frequencies. 
Behavior reactivity patterns are determined by the maturaiional level 
of the central nervous system elements involved in the responsivity. 
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Also the state of activity influences the quality of the responses 
(12). Gerber also pointed to the importance of the finding that narrow 
band stimuli are unsatisfactory in eliciting auditory reactions in 
preterms and mature newborns (14). 
1.3.2 Auditory reactivity in the fetus and young infants 
Short sound stimuli such as clicks or tones resulted in utero in motor 
reactions as early as 20 weeks CA. Also heart rate changes in the 
fetus have been studied as a function of auditory reactivity after 
tonal stimulation at 26-28 weeks CA (27). Schuimen found heart rate 
changes not useful as a measure for auditory reactivity before the 
46th week CA (29, 30). In term infants, different acoustic stimuli 
such as clickers and craddles, have been used for testing hearing and 
auditory behavior. McCormick reported the craddle to be a reliable 
screening tool to measure hearing in neonates (19). Autonomic 
reactions upon acoustic tonal stimuli were studied by Johannson (16). 
Recordable changes for galvanic skin reactions, heart rate and 
respiration rate were measured in 60-80* of the newborns. 
In general, auditory reactions are obtainable in prematures and 
newborns, but testing of frequency and intensity functions is 
difficult to perform. In newborns, arousal reactions and adaptation to 
repetition and type of stimulation are important with respect to the 
quality of the responses. Until 4 months after term date, infant 
behavior to sound consists of reflex behavior, startles and 
activity-increase or -decrease. At 6 months the infant responds to 
speech such, that prerequisites for further linguistic, social and 
cognitive development are present (36). Kuhl reported in infants the 
presence of discrimination potential between male, female and motherly 
voices as early as 1-3 months (17). The ability to recognize 
intonational speech patterns is present at about 8 months. The 
preference for motherly voices has been interpreted as a result of 
prenatal experiences (9). 
Reviewing the ontogenetic features of hearing between various species, 
Ehret concluded that the response range broadened gradually to lower 
and higher frequencies, concurrent with an exponential threshold 
decrease, and an improvement of the frequency selectivity (11). 
Responses such as directional movements occur only after sufficient 
sensitivity of the central auditory system. 
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The onset of hearing takes place, although the peripheral structures 
are still underdeveloped (20). The peripheral maturation is necessary 
for a rapid increase of sensitivity, frequency range of the responses, 
and improvement of the frequency selectivity. The analysis of complex 
sounds end sound recognition requires advanced central maturation. 
1.3.3 Soae experiential influences on the auditory development 
Peripheral and central factors influence the auditory function and may 
even alter, as shown in animal and human data (20, 27, 2Θ), the 
anatomical substrates of the pathway. Morest (1983) reported neuronal 
damage after destruction of the inner and outer hair cells of the 
cochlea (21). A transneural degeneration was noted at the axonal 
endings in the superior olive and inferior colliculus and irreversible 
cochlear damage can be caused by congenital hypothyroidism (32). 
Destruction of the middle ear in mice was shown by Webster (34) 
to result in a deviant pattern of maturation of different brainstem 
auditory nuclei. It was concluded that a critical period would seem to 
exist where an adequate acoustic afference is required for a normal 
neuronal development. A similar deprivation, of late onset, did not 
show such alterations (35). Using auditory brainstem responses 
(ABR=BAEP) as measure, Decker (1981) found β peak I latency decrease 
after auditory deprivation in adult humans. This was interpreted as 
acoustic nerve hyperexcitability after deprivation (10). Pathological 
auditory deprivation in children with chronic middle ear infections in 
early life causes long term behavioral and linguistic dysfunctions 
(3). Early intervention might reduce this effect (2). Furthermore, 
various ante- and perinatal (patho)physiological factors in premature 
infants may also lead to a delay in language acquisition (33). 
The auditory system is vulnerable to experiential influences, 
especially in prematures who experience a very different acoustical 
world in the intensive care units for prematures compared to the 
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11:1 INTRODUCTION 
The central auditory system consists of sequential and parallel 
rhombencephalic, mesencephalic, diencephalic and telencephalic centers 
and fibre streams (Fig.II, 1). The rhombencephalic cell masses are the 
cochlear nuclei, the superior olivary nuclear complex, and the nuclei 
of the lateral lemniscus. The mesencephalic relay is the inferior 
colliculus. The diencephalic or thalamic center is the medial 
geniculate body. The telencephalic auditory areas are located in the 
temporal lobe. 
Fig.II, 1: A dorsal view of the 
central auditory system. The 
transverse temporal gyri of 
Heschl are depicted 
proportionally in space. 
Τ = telencephalon 
D = diencephalon 
CGM = corpus geniculatum mediale 
M = mesencephalon 
CI = colliculi inferiores 
Rh = rhombencephalon 
nn lem 1 = nuclei lemnisci 
lateralis 
nn ol s = nuclei olivaris 
superioris 
nn cochl = nuclei cochleares 
AI and A II = primary and 
secondary auditory cortex. 
(With the courtesy of R. 
Nieuwenhuys, Das Zentral­
nervensystem des Menschen, 
Springer Verlag, Berlin 1980) 
All the stations mentioned above are interconnected by fibre bundles. 
The cochlear division of the VIIlth nerve connects the peripheral 
receptor with the cochlear nuclei, and enters the central nervous 
system (CNS) caudal to the vestibular part of the same nerve. The 
dorsal acoustical stria, and the lateral lemniscus, connect the dorsal 
cochlear nucleus with the contralateral inferior colliculus. The 
ventral cochlear nucleus projects via the trapezoid body to the 
contralateral inferior colliculus also. A part of the fibres, which 
enter the trapezoid body, synapses in the trapezoid and lateral 
lemniscel nuclei. The ventral cochlear nucleus projects to the 
ipsilateral superior olivary complex. The olivary nuclei project to 
the inferior colliculi and only a small number of fibres project 
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directly to the medial geniculate body (MGB), bypassing the inferior 
colliculus (1С). The colliculi project via the brachium colliculi 
inferioris towards the ipsilateral MGB, and thence to the ipsilateral 
temporal lobe by the auditory radiation, the sublentiform part of the 
intern capsule (9). 
II: 2 THE PERIPHERAL AUDITORY SYSTEM 
All parts of the peripheral and central auditory system play their 
role in the propagation of the sound signals. The capacity of the 
peripheral elements thus determine the quality of the central input. 
11.2.1 The outer ear 
The human pinna achieves the adult shape at 20 weeks conceptional age, 
and grows until the 9 ^ year. The immature ear canal wall consists of 
a thin layer of soft cartilage. During the postnatal development the 
wall thickens and becomes rigid (21). 
11.2.2 The middle ear 
The stapes, malleus, and incus are formed approximately at the 22nd 
week CA (conceptional age), and ossify before term date. The clearance 
of the mesenchym of the tympanum and epitympanum is completed between 
36 and 40 weeks CA. Enlargement of the cavity continues throughout 
childhood. 
The tympanic ring, encircling the tympanic membrane, develops in 
synchrony with the ossicles, and continues to grow until 
adolescence. The volume of air in the cavitations and the fibrous 
texture of the membrane limit the sound conduction initially to the 
lower frequencies (21). The relation between the degree of malleus 
development and evoked potential threshold is now well established. It 
is generally accepted that the development of thresholds of higher 
auditory centers follows the development of the middle ear or lag 
behind it (11). 
11.2.3 The inner ear (Fig.II, 2) 
The cochlea is the last element in the chain of the peripheral 
auditory system to function (12). The functional development of the 
cochlea is complex with respect to the epithelial and nervous elements 
(20). 
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The appearance of cochlear microphonics followed shortly by the 
cochlear action potential is a common development observed in many 
species (Fig.Ill, 1). Initially the threshold is high and the 
conduction limited to a restricted frequency range. The high 
frequencies are the last to reach adult threshold (11). 
Fig.II, 2: Cross 
sectional drawing 
of the cochlea. 
1. inner hair cells 
2. outer hair cells 
3. tectorial membrane 
4. nerve fibres 
5. basilar membrane 
6. Deiter's cells 
7. spiral ganglion 
8. Reisner's membrane 
9. bone 
10. limbus 
(Redrawn after Davis, 
Ann. Otol. Laryngol. 
suppl. 2Θ, 1976). 
The primary neurons of the auditory system are the bipolar cells of 
the spiral ganglion which synapse with the inner and outer hair 
cells. The hair cells constitute the auditory receptors and are 
topographically organized in tonotopic order. The middle and apical 
turn of the spiral ganglion project to the dorsal cochlear nucleus 
(1). The basal end, which functions first, projects to the ventral 
cochlear nucleus (20). The histogenetic time-table shows a basal-to-
apical differentiation of inner hair cells prior to the outer hair 
cells. The Organ of Corti has its adult shape by 26 weeks CA (11). The 
earliest differentiation occurs in the middle of the basal turn and 
proceeds in both directions. The innervation of hair cells also 
shows a basal to apical sequence. The inner hair cells are innervated 
before the outer hair cells. 
II;3 THE CENTRAL AUDITORY SYSTEM 
II.3.1 The acoustic nerve and the cochlear nuclei 
The acoustic nerve consisting of about 30.000 fibres (6), enters the 
CNS and bifurcates ascending to the ventral and descending to the 
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dorsal cochlear nucleus in tonotopic order (6, 9) (Fig.II, 3). The 
myelination begins at 6 months CA and axon diameter growth begins with 
fibres innervating the basal turn concurrent with nerve myelination 
(18). 
The cochlear nuclei arise from the rhombic lip. The nuclei are 
apparent at 7 weeks CA, and myelination begins at around 6 months CA 
(11). With advancing age many dendrites and axons withdraw. The 
changing packing density of neurons and neuropil changes the size of 
the nucleus throughout life (18). From animal studies it has been 
shown that the functional properties of the neuronal circuitry reach 
an adult level before adult morphology. Excitatory and inhibitory 
elements mature parallel to each other. 
11.3.2 The superior olivary complex and leonlscal nuclei 
The superior olivary complex is positioned in the tegmentum of the 
caudal pons, lateral to the trapezoid body (Fig.II, 3). It consists of 
distinct cell groups: the lateral and medial superior olivary nuclei, 
and the medial nucleus of the trapezoid body (9). The differentiation, 
and myelination of these nuclei occur simultaneously with the cochlear 
nuclei (6). 
The lateral superior olivary nucleus in man is diffusely organized in 
six cell clusters. The medial superior olivary nucleus show less 
breaks in the fetus and infant than they do in the adult. The input 
consists of binaural afferent signals (16, 19). 
The ventral cochlear nucleus projects ipsilaterally to the lateral 
and medial superior olive, and contralaterally to the medial trapezoid 
body and dorsal nuclei of the lateral lemniscus. The lateral superior 
olive is innervated bilaterally with the terminations in "strict 
tonotopic register" (5). The contralateral fibres have a large 
diameter and are rapidly conducting and compensate in this manner for 
the extra synapses involved, and for longer distances travelled as 
compared with the ipsilateral projection to the superior lateral olive 
(6). 
11.3.3 The inferior colliculus 
The inferior colliculus is an important mesencephalic integration 
center. All human auditory pathways undergo synaptic interruptions at 
this level (Э) (Fig.II, 3). 
The collicular neurons and dendritic branching patterns are arranged 
in geometrical order. The cells are aligned into discrete laminae in 
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the horizontal plane, tonotopically with respect to signal 
frequencies. The anatomical organization reflects the coding and 
sound localization function of the inferior colliculus. Human 
frequency discrimination requires an intact collicular-geniculate 
pathway (19). 
Fig.II, 3: Diagram of the human auditory system in dorsal view. 
Position of the centers and pathways. Abbreviations: br col inf = 
brachium colliculi inferioris; с col inf = commissure colliculi 
inferioris; cgm b = corpus geniculatum mediale, division projecting 
mainly to the auditory cortical "belt" areas; cgm с = corpus 
geniculatum mediale, division projecting mainly to the auditory 
cortical "core", i.e. area 41 of Brodmann; col inf nc = colliculus 
inferior, nucleus centralis; col inf zl = colliculus inferior, zona 
lateralis; col sup = colliculus superior; с trap = corpus 
trapezoideum; d lem 1 = decussatio lemniscorum lateralium (commissure 
of Probst); lem 1 = lemniscus lateralis; N cochl = nervus cochlearis 
(VIII); η cochl d = nucleus cochlearis dorsalis; η cochl ν = nucleus 
cochlearis ventralis; η с trap = nucleus corporis trapezoidei; nn lem 
1 = nuclei lemnisci lateralis; nn periol = nuclei periolovares; η ol s 
1 = nucleus olivaris superior lateralis; η ol s m = nucleus olivaris 
superior medialis; г ас = radiatio acustica; str acust d = stria 
acusticae dorsales. 
(With the courtesy of R.Nieuwenhuys (9) ). 
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The inferior coliiculus is composed of different cell groups: the 
central nucleus, lateral zone, cortical region, dorsomedial nucleus 
and intercollicular commissural zone (3). The central nucleus is the 
principal collicular auditory nucleus (6). The neurons of the central 
nucleus show disc shaped dendritic fields in parallel layers, which 
interdigitate with ascending auditory axons. The collicular cortex 
contains layers of neurons which are interconnected by dendrites and 
axons (3). The function of the collicular cortex is the integration of 
the acoustic reflexes. The pericollicular tegmentum provides an 
integration of auditory and somatic sensory pathways. Connections 
exist with ascending sensory lemnisci and tecto-reticular tracts. The 
intercollicular zone connects ipsi- and contralateral input. The 
inferior colliculi project bilaterally to the medial geniculate 
bodies. The ascending collicular input originates ipsilaterally from 
the ventral lateral lemniscal nucleus and the medial superior olive. 
Contralateral input arises from the dorsal lateral lemniscal nucleus 
and the cochlear nuclei. Descending collicular input originates in the 
visual, somatosensory and auditory primary cortical regions. Thus 
complex integration occurs at the level of the colliculi (19). 
Maturation. In the development of the inferior coliiculus dentrites 
are present before the onset of collicular function. The central 
nucleus shows dendritic development before the superficial layers. The 
myelination occurs around the 6^ month CA, approaching the adult 
level at term date (22, 23, 25). The brachium colliculi inferioris 
starts myelinating during the l^b month CA. 
It is quite remarkable that the acoustic tectum myelinates so 
completely as one of the first places. At the different levels of the 
human auditory system, the degree of myelination varies considerably. 
Incomplete myelination has been associated with incomplete functioning 
in the neonatal inferior coliiculus. The increase of synaptic density 
however, parallels the development in animals more completely than 
that of the myelination. The discharge pattern of collicular neurons 
also shows a remarkable evolution in discharge types. 
The binaural input to the colliculi is probably present before the 
onset of "hearing". In view of the differential development of the 
system it is likely that encoding the information of one aspect of 
the acoustic stimulus may be delayed compared to another aspect of the 
same stimulus. Furthermore, it might well be that, in view of the 
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maturational timing, functional changes may occur which account for 
later deficits in sound localization and language pattern discrimina-
tion as a result of early blockage of sound conduction (19). 
11.3.4 The «edial geniculate body 
The medial geniculate body (MGB) is the thalamic diencephalic center, 
positioned as a small oval eminence beneath the expansive pulvinar, 
with a diameter of about 0.5 cm (Fig.II, 1). It consists of a 
ventral, dorsal and medial division (17). The ventral division is the 
principal ascending auditory thalamic nucleus. It shows a laminar 
arrangement. 
All laminae receive bilateral input from axons of the collicular 
brachium. They also receive fine corticothalamic axons. The input is 
bilateral (6). The dorsal division is composed of a "deep dorsal", 
"dorsal" and "suprageniculate" nucleus. The dorsal nucleus receives 
exclusively auditory input, and projects to the deep dorsal 
nucleus. The suprageniculate nucleus receives visuel and 
auditory afférents. The medial division receives a multisensory input 
from the spinal lemniscus, the inferior colliculus, the superior 
colliculua and the tegmental system. 
The human MGB is characteristic for its extensive neuropil compared 
to other species (17). The MGB is thought to play an important role 
in human auditory behavior, in view of the integration of 
multisensory information in the MCB and the adjacent posterior 
thalamus (6). 
Maturation. The MGB originates as part of the dorsal thalamic region 
and follows the migration of the ventral thalamus. It can be 
recognized at about 10 weeks CA. At 6 months CA the neurons are small 
and multipolar. The thalamic fibres start myelinating during the 7'^ 
month CA (23, 25). 
11.3.5 The mature auditory cortex 
The auditory cortex is a sensory cortex and consists of six layers. 
Layer II, III and IV are densely populated with principal neurons, 
the pyramidal cells, and with intrinsic neurons, the stellate or 
granular cells. Layer V is less numerously populated. A sensory type 
cortex contains high density granule cells and is labeled 
accordingly "koniocortex", i.e. dusty cortex (6). The pyramidal cell 
has apical and basal dendrites. The epical dendrites branch in the 
superficial molecular layer. From the axon of the pyramidal cells 
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horizontally oriented collaterals arise, which ascend to different 
levels. Intrinsic neurons remain in the local region. Various types 
are recognized according to size, shape and spatial orientation. The 
size of those neurons relate more to the length of the axons than to 
the complexity of their function (14). 
Fig.II, 4: Schematic representation of the auditory cortical fields in 
the Sylvian fossa. Abbreviations: FS = fissura Sylvii; GTS = gyrus 
temporalis superior; I = Insula; OF = operculum frontale; OP = oper-
culum parietale; SC = sulcus circularis; STS = sulcus temporalis 
superior. Cortical fields: 1. transitional cytoarchitectonics in the 
temporoparietal cortex; 2. caudodorsal parakoniocortex; 3. internal 
parakoniocortex; 4. medial koniocortex, Heschl's gyrus; 5. prokonio-
cortex; 6. external parakoniocortex; 7. rostral parakoniocortex; 8. 
lateral koniocortex. 
(Redrawn after Galaburda (2) ). 
The bulk of the auditory region is positioned in the Sylvian fossa on 
the upper surface of the temporal lobe (Fig.II, 4). This region is 
one of the most complexly folded in the human brain with a consider-
able interindividual and right versus left variability (2). The pri-
mary auditory cortex, which may be characterized as a koniocortex, is 
surrounded by transitional cortex and parakoniocortex in the associa-
tion fields (6). The primary cortex is divided in a medial and a 
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lateral zone, both consisting of koniocortex. Physiologically no 
segregation has been demonstrated between the medial and lateral zone. 
The parakoniocortex of the association areas varies in architecture 
(2). The parietal operculum contains parakoniocortex with an input 
from the MGB and other parakoniocortical fields. Stimulation of this 
area results in musical hallucinations. The rostral parakoniocortex 
shows a parvocellular cytoarchitecture and receives fibers from the 
caudal portion of the MGB. A complete representation of the auditive 
frequency spectrum in this area is found in the monkey. 
The proisocortex shows a transitional architecture, caudally differen-
tiating towards the koniocortex. A transitional architecture has also 
been found in the temporoparietal area. It differentiates gradually 
towards the isocortex of the inferior parietal lobule. Callosal 
connections from the contralateral auditory regions project by the 
splenium of the corpus callosum in this area. A role in language 
function has been postulated. 
The auditory cortex receives its input in the koniocortex from the 
ventral division of the MGB. The dorsal multisensory division of the 
MBG projects to the principal cortex, and the insular and temporal 
areas. The medial magnocellular multisensory division of the MGB 
projects to the adjacent auditory cortex, as such a multisensory 
cortical area. Cortico-cortical connections have been demonstrated 
in animal studies. Those connections are not entirely diffuse and 
may exhibit a topographic order (2). No cortico-cortical connections 
have been demonstrated between the auditory and the visual or 
somatic cortices. The MGB apparently provides for such multisensory 
integration. The primary koniocortex and adjacent parakoniocortical 
and transitional cortical areas are interconnected heavily (6). 
The neurons of the auditory cortex are oriented in columnar clusters 
(13). The extent of the columnar dentritic trees show differences 
between left and right hemisphere. Among the columns a tangentially 
dentritic connectivity provides a manifold of possible response 
combinations, as a consequence of the coupling of the columnar cell 
clusters. 
Ascending auditory signals probably flow from layer IV to layer 
II-III and down to layer V and to the cortico-cortical fibers (2). 
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Layers V - VI provide feedback circuits to higher layers and to 
corticofugal projections. The horizontal connectivity propagates 
signals between the "columns" (4). Less specific non directional 
branching dendrites as well as tangentially elliptic oriented 
dendritic fields with greater selectivity are described (14). The 
degree of overlap is larger in the association areas than in the 
primary cortices. 
II.3.6 The developing auditory cortex 
The differentiation of the auditory cortex is remarkable for de-
creasing neuronal density and increasing size between 8 months CA and 
4 years of age, with a maximum around term date (8, 10, 15, 24). In 
humans massive dendritic expansion occurs after 8 months CA (11). The 
thalamocortical myelination occurs gradually in the term and post term 
period (23, 25). Those processes concur with progressive folding of 
the temporal lobe and Sylvian fossa structures (22). 
In the fetal neocortex one of the most prominent features is the 
radial columnar arrangements of cells in the cortical plate (7). 
From the 16th to the 26th week CA, the auditory cortex is defined by 
the rapid development of the lateral cerebral fissure and the 
appearance of the superior temporal surfaces (22). The radial columnar 
cell arrangement becomes regular in the superficial half of the 
cortical plate (7). The superficial cortical plate contains the 
"Anlage" for layers II-III. Here however, the superficial cells are 
less mature than those in the depth of the Individual columns. Between 
the 28th
 Week and full term the columnar organization rearranges 
itself. The future koniocortex shows an increasing "granularity" with 
disappearance of the "radial cell columns". The adjacent areas 
maintain their columns. These are most prominent in the superficial 
third of the cortical plate, the future layer III (7). 
Between full term date and 3 months of age, a progressive cellular 
differentiation occurs. Most prominent in their development are the 
pyramidal cell bodies in layer III in the supratemporal and superior 
temporal areas. The columnar orientation of the cells in the auditory 
areas becomes characteristic, together with a decrease in cell packing 
density of layer II (7). This development coincides with the time 
period in which the greatest changes occur in the secondary complex of 
the ACRs (auditory cortical responses) (Chapters XXII-XIII). 
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Thus the vertical arrangement of the immature neurons as radial cell 
columns is a prominent feature in the immature cortex. This immature 
radial columnar organization proceeds the adult neocortical columnar 
orientation (7). 
Acknowledgement: We thank Prof. dr. R. Nieuwenhuys for his comments 
on this chapter. 
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U l t i EXORDIUM 
111.1.1 Introduction 
In order to understand the origin of the electrical activity recorded 
from the human scalp, it is necessary to consider both the structure 
(chapter II) and the function (this chapter) of the neuronal elements 
which are likely to generate this activity. Chapter III will describe 
some general features of the electrogenesis in the central nervous 
system, particularly in the auditory pathways. When possible, 
developmental characteristics will be included. The functional 
properties of cells or groups of cells at the different levels of the 
auditory pathways are reviewed. 
111.1.2 The neural basis of the electrogenesis (13) 
The intracellular resting potential of neurons across the neuronal 
membrane is negative with respect to the outside, as a result of ion 
concentration differences, predominantly for sodium and potassium. 
This potential can be modulated by inhibitory and excitatory synaptic 
inputs from other cells. 
The cell membrane is never completely at rest, but is continuously 
influenced by excitatory and inhibitory synaptic activity. Arriving 
nerve impulses may depolarize an axonal terminal, allowing an influx 
of calcium ions. This influx may cause a release of transmitter 
substance from synaptic vesicles into the synaptic clefts. Those 
transmitter molecules diffuse and combine with postsynaptic receptor 
sites at the membrane. An inhibitory substance increases the 
permeability of the membrane for chlorine and stabilizes the membrane, 
i.e. the "inhibitory postsynaptic potential" (IPSP). 
An excitatory transmitter induces a sodium influx into the 
postsynaptic membrane and causes a depolarization at the some or 
dendrite, the "excitatory postsynaptic potential", or EP5P. A 
depolarization on a dendrite passes through the dendritic tree and 
proceeds dependent on the activity throughout the tree, and will 
contribute to the generation of an action potential in the soma of the 
neuron. An action potential results from a depolarization which is 
large enough. The sodium permeability increases. Sodium enters the 
cell, followed by an increase of permeability for potassium out of the 
cell. The action potential will flow via the soma and travel along the 
axon. If the axon is myelinated the flow of current proceeds by the 
34 
nodes of Ranvier and conducts more rapidly than in non myelinated 
fibres. In rest the transmembrane potential is maintained by the cell, 
which pumps out sodium in exchange for potassium. This sequence of 
occurrences applies to all relay nuclei. The propagation of signals in 
the ascending pathway takes time (19). The associated delays are the 
major measures in evoked potential analyses. Evoked potential 
components result probably from synchronized volleys of discharges 
and/or "psp"s in a large number of nerve fibres or cells. The ionic 
current, associated with the occurrence of such volleys, is volume 
conducted in the brain and scalp. The strength and orientation of the 
current source, the precise geometry of the brain as a volume 
conductor and the distance from these sources to the scalp surface 
determine the amplitude, the wave shape and the spatial extension of 
the evoked potential components. Recently it has been demonstrated 
that a change-over in conductivity of brain tissue can also give a 
substantial evoked potential contribution, when a volley of nerve 
impulses passes such a boundary (29). 
A part of the delay time is caused by the synaptic delay in the relay 
nuclei. The conduction times of the various axons contribute to the 
differences as well. This is the basis for the time separation of the 
various peaks and troughs in the EP complex. 
The electrogenesis in the cortices is complicated with respect to the 
"spontaneously ongoing" activity and the "evoked" activity. Under 
normal circumstances a steady potential or direct current 
(DC) potential can be found across the thickness of the cortex with 
respect to electrosilent areas (13). Probably this potential is 
generated by the difference between the apical dendrites and somas of 
the pyramidal cells. Glial cells might also contribute to this DC 
potential, but the pyramidal cells probably contribute only to the 
slow waves recorded over the surface of the cortex. By relatively 
large EEG electrodes at a distance from the potential generators, only 
summed activity of large numbers of adjacent current sources can be 
detected. Pyramidal cells are the only cells capable of forming 
effective dipoles, in view of their orientation and the length of 
their dendrites. Surface negativity will be produced under two 
conditions, firstly during an EPSP in the apical dendrites, and 
secondly during an inhibitory hyperpolarization (IPSP) of the soma. An 
EPSP confined to the soma will produce a surface positivity. 
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III.1.3 The propagation of auditory impulses (7) 
Important properties in the propagation of auditory impulses are 
tuning, timing and tonotopy. 
The basilar membrane shows a frequency selectivity as sharp as the one 
of the single auditory fibres. Thus tuning is already established in 
the response pattern of the basilar membrane of the cochlea. The 
timing properties of the traveling wave pattern along the basilar 
membrane are maintained up to the level of the medial geniculate body 
(MGB). 
The tonotopic representation in the cochlea, i.e. each frequency 
corresponds to a given point on the basilar membrane and to a small 
group of inner hair cells (IHCs), is found in all nuclei along the 
auditory pathway, including the auditory cortex. Many of the 
projections are point-to-plane projections, i.e. one frequency is 
represented in a sheet within a particular auditory nucleus. The 
tuning properties become more complicated higher in the central 
structures. 
Inhibitory response areas show up in the dorsal cochlear nucleus 
already, which supports the idea of an early stage modulation of the 
auditory afferent impulses. 
Almost any auditory nucleus contains cells showing discharge units 
with a short on-response latency. Those short latency on-responses 
probably constitute the basis for the auditory brainstem response 
components. 
Development of the auditory propagation. The neurophysiological 
properties of the developing auditory system have been studied 
extensively in mammals, and, by means of evoked potentials, to some 
extent in humans (11). Numerous influences have to be taken into 
account during the development. Morphological changes occur at a fast 
rate. The dendritic arborization, the axonal myelination, the cellular 
maturation of the neurons and the maturing neurotransmission, all play 
their respective role. In humans those changes are mainly known from 
behavioral studies, i.e. reflex studies, and from evoked potentials. 
One of the characteristics of development is its time course. Changes 
in evoked potential latencies characterized by exponential or summed 
exponential functions have been identified (6). The changes occurring 
in the central part of the auditory system can largely be understood 
in relation to the development of the periphery, i.e. the cochlea. 
There are some who argue for a development independent from the 
periphery. By stimulation of the auditory nerve, evoked'potentials can 
36 
be obtained at the level of the inferior colliculus, while the cochlea 
is still unable to transfer signals. It has also been shown that 
anatomical alterations are found to be dependent on variations of 
acoustical stimulation. This again stresses the importance of the 
periphery. According to Ruben (1980), a mutual control of the((2)) 
development by the central and the peripheral part of the auditory 
system, can be assumed (27). 
111:2 THE PERIPHERAL AUDITORY SYSTEM (12) 
111.2.1 The outer and aiddle ear 
The peripheral auditory system processes sound oscillations and 
delivers the result to the sensory cells and their nerve terminals. In 
this way the mechanical stimulus is encoded in nerve action 
potentials. 
The energy from oscillating air particles in the outer ear Is 
transformed by the tympanic membrane, which transmits the eardrum 
motions via the middle ear ossicles to the oval window. 
The best matching for the impedance of the outer and middle ear lies 
in the middle frequency range, about 1 kHz (32). 
111.2.2 The Inner ear 
The Inner ear contains fluid which surrounds the sensory cells on the 
basilar membrane. The oval window motions are transformed Into 
basilar membrane displacements. The displacement is small at the 
stapes, Increases to a maximum and fades away, depending on the 
frequency of stimulation, at a more apical place (33). 
It is generally accepted that low frequencies produce membrane 
oscillations near the helicotrema and the high frequencies near the 
oval window. Thus a spatial separation exists for the different 
stimulation frequencies according to the region of the maximum of the 
membrane displacement. This is called the tonotoplcal organization. So 
the membrane properties enable the separation of frequency components 
within one acoustic stimulus. 
111.2.3 The organ of Corti 
The organ of Corti consists of sensory cells, inner and outer hair 
cells, and of supporting cells. The inner (IHCs) and outer hair cells 
(OHCs) differ structurely. The hair cells transduce small basilar 
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membrane displacements into receptor potentials. 
A receptor potential in the IHC consists of the sum of a DC and an AC 
component (5). The AC component is phase locked to low frequency 
membrane movements. The positive DC component of the receptor 
represents a depolarization, which induces the neurotransmitter 
release at the afferent synaptic sites. This is followed by a 
postsynaptic action potential in the auditory nerve fibres. The firing 
frequency of most nerve fibres saturate at about 300 action potentials 
per second at 40 dB. The recovery function of auditory nerve fibres 
after repetitive stimulation is determined by synaptic release (7). 
Extracellular effects of the DC and AC potentials can be recorded from 
the round window (ECoG), as shown in F ig.111,1 (4). 
Fig.Ill, 1: Schematic represen­
tation of an electro cochleo 
gram (ECoG). The ECoG is com­
posed of different potentials: 
AP = compound action potential 
of N VIII; SP = summating 
potential elicited by the 
basilar membrane; CM = cochlear 
microphonics elicited by the 
hair cells of the organ of 
Corti. ECoG: a, after conden­
sation stimulation; b, after 
alternating condensation and 
rarefaction stimulation. 
(With the courtesy of J.J. 
Eggermont, 1986). 
The responses of the IHCs are consistent with the peripheral origin of 
the frequency selectivity of the auditory system (12). This 
selectivity can be studied by single unit firing pattern and tuning 
curves, obtainable at the different levels of the auditory pathway 
(12). Each neuron has its characteristic frequency (CF) for which a 
minimum stimulus level is necessary to elicit a threshold response. 
The tuning curve of a neuron defines the locus of the threshold 
stimulus level as a function of the frequency (Fig.Ill, 2). 
The afferent fibers of the IHCs run through the spiral ganglion and 
via the VIIlN"1 n e r v e ^ 0 the cochlear nuclei. The tonotopical order 
remains present up to the highest central levels in the brain (1). 
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Fig.Ill, 2Î Tuning along the auditory system 
In all the examples the abcissa shows the characteristic freguency on 
a very compressed logarithmic scale (from .15 to 40 kHz). The ordinate 
shows the number of dB intensity required to produce a certain output 
criterion. This can be a given velocity of the basilar membrane, a 
given voltage for inner haircells, compound action potentials (AP) or 
brainstem potentials (wave V). One observes sharp tuning in the 
responses of the basilar membrane (BM), inner haircells (IHC), 
auditory nerve fibers (AN) and compound action potential (AP). Sharp 
tuning is furthermore observed in the ventral cochlear nucleus (VCN) 
and some cells in the dorsal cochlear nucleus (DCN), in the superior 
olivary complex (S0C), the medical nucleus of the trapezoid body 
(MNTB), the inferior colliculus (1С) and, consequently, in wave V of 
the brainstem response, in the medial geniculate body (MGB) and in the 
auditory cortex (A I). Thus sharp tuning is preserved in cells along 
the auditory nervous system up to the auditory cortex. Broad and 
complex tuning is found from the level of the cochlear nucleus on, 
also throughout the auditory system. Double tuning is observed in the 
DCN, the MGB and the auditory cortex as shown, but usually also found 
in the inferior colliculus. The examples shown from DCN and A I also 
have inhibitory areas between the excitatory ones that are shown. The 
examples shown are not exhaustive but only give an indication of the 
variety that is found. (With the courtesy of J. Eggermont, 1986). 
The maturation of the cochlea. The development of the cochlea -its 
fluid and basilar membrane physical properties- largely determines the 
characteristics of the acoustical evoked afferent volley. The immature 
cochlea shows an increased delay in the traveling wave up to a certain 
position of the basilar membrane (6). The auditory nerve fibers are 
still broadly tuned. The base of the first turn of the cochlea matures 
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earlier than the second and third turn (22). After the appearance of 
the DC cochlear potential the VIIIth nerve compound action potential 
becomes recordable. It has been shown that the functional development 
of the hair cells parallels the appearance of the cochlear 
microphonics (CMs) near the base of the basilar membrane (11). 
Initially only cochlear responses can be obtained upon stimuli within 
a narrow low frequency band. 
Rubel (1984) showed recently that the tonotopic organization of the 
basilar membrane shifts during the development (26). Neurons in a 
given area of the membrane respond progressively to higher 
frequencies. In other words, the place code is mutable. This 
observation explains the difference in the maturational degree of 
anatomical development (base) and physiological development (mid-low 
frequencies) of the basilar membrane. This finding also has an 
influence on the tonotopic properties of the central pathways, which 
should shift in frequency selectivity as the hair cells do. 
III;3 THE SUBCORTICAL AUDITORY PATHWAY (Fig.Ill, 3) 
III.3.1 The auditory nerve 
The hair cells are innervated by afferent and efferent fibers. About 
90ÍS of the afferent fibres synapse with the IHCs and about 10ÍS of the 
fibres synapse with the OHCs. Efferent fibers from the superior olives 
innervate the OHCs and IHCs (32). 
The VIIIth nerve contains about 30000 fibres, organized in tonotopic 
order. According to their spontaneous unit activity, three populations 
of fibres can be recognized (12). The tuning curves are as sharp as 
those of the basilar membrane, depending on the characteristic 
frequency (CF). The response latency is independent of the spontaneous 
firing rate. A single stimulus may activate many fibres. At a low 
intensity of about 20 dB S PL (sound pressure level) a small part of 
the cochlea excites without saturation. At about 45 dB SPL a region of 
3-4 octaves is excited with saturation. At high intensity of about 70 
dB most fibers with a CF above the stimulus frequency saturate. In the 
ECoG and sometimes in the first wave of the ABR this is reflected in 
the separation and subsequent fusion of the compound action potential 
after stimulation with respectively low, moderate high and high 
intensities (12). 
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Maturational properties. The maturation of the auditory nerve fibres 
shows a rapid phase (hair cell related) and a slow phase (myellnation 
related) (23). Initially the compound action potential, appearing 
after the cochlear microphonics, is of a long duration, with a low 
amplitude, a high threshold and a long latency (10). Single unit 
responses from the nerve show high thresholds as well as a poor firing 
synchronization. Tuning curves usually lack a sharp tip. 
The limited frequency band of the basilar membrane makes a 
characterization according to the "best frequencies" impossible. To 
low frequency stimuli, mature fibres show discharges responding in 
phase locking with the frequency of the stimulus. The maturation of 
this phase locking takes longer than that of the fibre thresholds and 
the tuning characteristics. The saturation of the firing rate develops 
parallel with the threshold (21). 
The pattern of myellnation follows the sequence of maturation of the 
hair cells and their afferent fibers. The rate of the latency change 
of the VIIlth nerve is quite similar to the latency changes in the 
subsequent stations along the pathway in cats. 
It must be realized that the latency decrease of the early components 
of the short latency evoked potentials is a result of both cochlear 
maturation and development in the auditory nerve. 
111.3.2 The cochlear nuclei 
The second order neurons of the auditory pathway are located in the 
cochlear nuclei. The cells of the anterior (AVCN) and posterior 
ventral cochlear nucleus (PVCN) show spontaneous and evoked activity 
characteristics which are not determined by the cell type (24). The 
tuning curves of the cochlear nuclei, end auditory nerve fibres are 
similar, except for the octopus cells in the PVCN and pyramidal cells 
in the dorsal cochlear nucleus. 
Maturation. During the maturation an increasing presynaptic surface 
correlates with a decreasing cell threshold and latency to the first 
spike in the cell response (21). Synchronization of the cell responses 
occurs relatively late. The ability of phase locking is one of the 
last properties to mature (11), following the phase locking capacity 
of the Vlllth nerve. 
111.3.3 The superior olivary complex (SOC) 
The superior olivary complex forms the first site for convergence of 
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Fig.Ill, 3: Diagram of the 
human auditory system in 
dorsal view. Ascending projec-
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the ascending input from both ears onto single neurons. This suggests 
a function in the binaural interaction (20). The lateral and medial 
nucleus of the SOC show sharp single cell tuning curves. The lateral 
50C is tonotopìcally organized. The medial nucleus of the trapezoid 
body (MNTB) contains on- and off-cells. The tuning is generally 
broad. Most neurons respond to clicks. Relatively few studies have 
been concerned with the neurophysiological development of the SOC. The 
crossed inhibitory efferent olivocochlear bundle might, however, be of 
some interest (2). The bundle runs from the contralateral olivary 
complex across the brainstem in the floor of the IV^ ^1 ventricle and 
synapses on the base of the OHCs and with the nerve fibres at the base 
of the IHCs of the cochlea. Electric stimulation at the floor of the 
lyth ventricle evokes β slow potential change from this bundle. It 
results in an increase of the threshold of single auditory nerve 
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fibres, an increase In low frequency cochlear microphonics, and a 
decrease of the ІІІ^" nerve compound action potential amplitude· It 
thus reflects the typical effects of an inhibitory efference. 
111.3.4 The inferior colliculi (1С) 
The principal auditory nucleus of the 1С, the central nucleus, 
receives its input from most auditory nuclei, such as the 
contralateral cochlear nuclei and the ipsileteral lateral lemniscus. 
The organization is tonotopic and the single frequencies are 
anatomically presented in laminae. Above the SOC, the cell responses 
become more complex. Specific cells react to small interaural time 
delays, whereas others react to smell interaural intensity 
differences. Other cells react specifically to changes in stimulus 
repetition rate (17,30). The inferior colliculi play a major role in 
the spatial sound discrimination. At thalamic and cortical levels, 
cells can be found which show excitation or inhibition response 
patterns to stimuli from a specific region in space, in which vision 
and sound both play a role (32). It may be generally concluded that a 
great interchange exists between acoustical signals of differing 
qualities, even below the level of the thalamus. Many specific 
stimulation properties find specific response cells. Above the level 
of the ICs the separated components are recombined. As a consequence 
of this type of organization, the interpretation of surface recorded 
evoked potentials, obtained with the broad band click stimulation 
techniques is limited with regard to these specific qualities. 
Maturation. At the onset of hearing a major binaural input in the 1С 
neurons exists (20). Excitatory and inhibitory influences 
intermingle. The initial irregularity of discharge patterns after 
monaural contralateral stimulation gradually disappears (see §11.3.3). 
111.3.5 Additional mesencephalic auditory processing 
The superior colliculus (SC), which receives visual and multiple 
cortical inputs in its different subdivisions, also receives auditory 
input in the deep section. Deep SC neurons show activation after 
binaural stimulation, possibly in topographic order (31). 
The mesencephalic reticular formation receives visual and 
somatosensory input, whereas other sectors are shown to receive 
auditory input from the lateral lemniscus (dorsal nucleus) and from 
the inferior colliculi and their brachium (16). 
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111.3.6 The iiedial geniculate body (MGB) 
The ventral and dorsal subdivisions of the MGB show morphological 
differences which are consistent with different single unit auditory 
response properties. The pattern of afferent and efferent connections 
can be traced according to the single unit responses (3). The central 
nucleus of the inferior colliculi projects (afferent) tonotopically to 
the ventral division of the MGB. The units show short latencies and 
sharp tuning. 
Corticofugal fibres from the auditory cortex project efferently 
and diffusely to the deep dorsal nucleus of the MGB. The units are 
tuned for high frequencies and proceed to the inferior colliculi. The 
responses are diffuse. Afferent input from the deep layer of the 
superior colliculus, and the collicular brachium, runs to the 
suprageniculate nucleus of the MGB and then to the insular temporal 
cortex and the auditory cortex. The responses are broadly tuned and 
show slow habituation. The central and external nuclei of the MGB 
project to and receive afferent and efferent fibres from the auditory 
cortex. The large number of afferent and efferent sources to the MGB 
is reflected in the variability of the responses of the single units. 
The unitary responses correspond to the cellular morphology (3). The 
reactions of single units to different types of stimulation show 
different discharge characteristics. Seventy percent of the units 
react upon repetitive clicks end the response types are "lockers" 
(time locked), "groupers" (loosely synchronized) and "special 
responders" (no time lock) (35). As can be expected, cell responses 
characterized as "lockers" are predominantly involved in the 
generation of evoked response components (7). 
111.3.7 Parallel processing within the brainstem auditory 
pathways (7) 
Evans (1975) postulated a ventral and dorsal division in the auditory 
pathways within the brainstem. The separation occurred at the level of 
the cochlear nuclear complex. The ventral pathway comprises the 
ventral cochlear nucleus, the medial superior olive, and parts of the 
trapezoid body. The single unit properties are mainly those of the 
auditory nerve units: sustained responses and sharp tuning. 
The dorsal pathway comprises the dorsal acoustic stria from the dorsal 
cochlear nucleus (DCN) projecting to the superior colliculus. The 
responses are more complex (9). 
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Eggermont (1986) proposes an extension of this division based on the 
properties of groups of neurons in the auditory nuclei (7). The 
ventral pathway runs through the central nucleus of the lateral 
lemniscus, the central nucleus of the 1С, the ventral division of the 
MGB, and projects to the bulk of the primary auditory cortex. The 
neural units are sharply tuned and timelocked in their response 
properties. Their organization is tonotopic. The dorsal pathway from 
the medial nucleus of the trapezoid body can be extended with the 
medial nucleus of the trapezoid body, the external and pericentral 
nuclei of the ICs, the dorsal division of the MGB and a smaller part 
of the primary auditory cortex. The response properties of the single 
units are labile. The units are broadly tuned, show a long latency 
compared with the units of the ventral pathway and are considered to 
be inaccurate reaponders. The dorsal pathway shows interaction at 
various levels with activity evoked by other modalities. The ABRs are 
probably generated by activity from the ventral pathway, in view of 
the time locking to click stimuli or to the onset of sound stimuli 
present in the ventral pathway and a prereguisite for the computed 
summation and averaging in evoked response technology. Thus, ABRs 
inform about Jhtning, timing and tonotopy, but not about meaning, 
perception ano<fcognition (7). 
Ill;» THE AUDITORY CORTEX 
III.4.1 The neocortex 
The development of the brain is characterized by a huge increase in 
volume and surface by complex convolutions. Cortical functions depend 
among others on the degree of synaptic organization. The intermingling 
of afferent and efferent fibres make a functional disentangling 
virtually impossible. The association areas are particularly difficult 
to sort out for input, output and intrinsic organization. Shepherd 
(28) states: "What seems to stand out moçt clearly is the great 
variety of cortical neuronal elements. There are many different inputs 
and outputs; a wide variety, and overlap, within the types of 
principal and intrinsic neuron populations; and a multiplicity of 
intrinsic interrelations. The variety of all these categories is much 
greater than that present in other regions (of the CNS); conversely, 
there is little of a stereotyped nature in the elements, as is obvious 
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in many of the other regions. The cortex is concerned with a minimum 
of fixed or "obligatory functions". 
The elementary functional unit is the "vertical column", which 
composes in- and output. The organization of the dendritic 
arborization relates to the excitatory and inhibitory functions (32). 
Cortical neurons receive monosynaptic and polysynaptic inputs from the 
periphery which converges to one and the same neuron. The neurons 
respond differently with rapid phasic or slow tonic responses. The 
temporal and spatial features of a stimulus determine the nature of 
the response. 
Studies with vertically oriented electrodes in the cortex show that 
afferent fibres first activate neurons in layer IV and probably layer 
III. Deeper layers show longer latency. A convergence is noticed for 
the simple (stellate cells, layer IV) to the more complex cells 
(pyramidal cells in the superficial and deeper layers) (14). 
III.4.2 The auditory neocortex (1) 
The input to the primary auditory cortex originates mainly from the 
MGB. Many neurons show a sharp tuning and tonotopic organization. A 
minority of the neurons show labile responses, habituation and 
sensitivity to attention. Half of the sharply tuned neifrons respond to 
clicks ("lockers": time locked to repetitive stimulation). The 
spontaneous activity of the cortical neurons is relatively low, due to 
the constant inhibition (7). 
Maturation. The auditory cortex is relatively immature at birth. 
Auditory and visual reactivity develop later than the somatosensory, 
due to the functional level of the complex peripheral receptors, the 
cochlea and retina (18). 
The complexity of the local cortical reactions changes with the 
maturation of the receptor surface of pyramidal neurons and the 
proliferation of basal dendrites. 
Laminar analysis of the primary auditory cortex reveals slow wave 
activity and spikelike discharges (14). The slow potential shows a 
complex of low voltage negativity and higher voltage positivity, 
together with a negativity at the surface. In the depth a reversal to 
positivity, together with negativity, is observed indicating the 
presence of an active current source, giving rise to a dipole. Single 
unit spike bursts are coincident with the rising phase of the slow 
potentials. The spike responses are initially of the "on" type, as in 
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the subcortical relays, and they mature simultaneously with the EP 
features (21). Studies in the rabbit show a surface negative potential 
at the surface, a negative-positive complex in layer V and a 
positive-negative-positive complex in layer VI. The last one 
disappears some weeks after birth. After birth, cortex layer V 
contains large pyramidal cells with differentiated basal dendrites and 
axonal collaterals. The Vlth layer contains pyramidal cells and 
Martinotti cells with wide spread synapses predominantly in the 
molecular layer (15). The surface negativity is found in the auditory, 
visual and somatosensory cortex of various immature animals. 
Disappearance of the deep positive-negative response may be caused by 
physiological maturational neuronal elimination. 
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IV:1 INTRODUCTION 
In this chapter the general features of the auditory brainstem (ABR), 
middle latency (MLR) and cortical evoked responses (ACRs), together 
the BMC ARs, will be described. A survey concerning the probable 
generator sites of the AR components, as discovered by studies in 
animals and in men, by intracranial recordings during neurosurgical 
procedures and from the cranial surface, will be listed. 
The protocol, as applied to mature and premature infants in the 
present study, will be discussed with respect to the testconditions, 
instrumentation, recording and analysis parameters. A description of 
the infants is given. 
IV:2 DEFINITION AND DESCRIPTION OF THE BMC ARs 
Auditory evoked potentials (ARs) reflect changes in the electrical 
activity over the auditory pathways in the central nervous system, 
elicited by acoustical stimuli. Single responses are usually not 
discernable in the spontaneously ongoing background EEG activity. 
Signal averaging is necessary to identify the responses. 
The ARs are subdivided according to their latency, i.e. the time from 
stimulus onset to a specific potential complex into short latency 
(0-12 ms), middle latency (10-100 ms) and long latency or late and 
slow components (50-1000 ms) (16, 54, 55) (Fig.IV, 1). 
50 100 
- M L R -
1000 
log latency ( ms) 
-ACR 1 
Fig.IV, 1: Diagrammatic representation of the ABR, MLR and ACR compo-
nents, together called the BMC ARs (brainstem, middle latency and 
cortical auditory evoked responses). The components are plotted on 
logarithmic scales (Redrawn after Picton (55) ). 
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Evoked responses are also classified according the transiency of their 
responses. A discrimination has been made between continuing and 
on-responses. "Continuing responses" are: cochlear microphonics and 
the summating potential, both of which are evoked in the cochlea; the 
freguency following response, evoked by the cochlea and the brainstem 
(17); the sustained cortical potential and the contingent negative 
variation. We did not study this type of responses. 
The BMC ARs are on-responses. The positive peaks of the ABRs are 
denoted by Roman numerals I to VII. The MLRs are denoted according 
their positive peaks and negative troughs with a "P" and "N" suffix 
respectively; NO, PO, Na, Pa, Nb, Pb. The ACRs are denominated 
similarly but with different suffices: Na, Pb, Nc, PI, N1, P2, N2, P3, 
N3, P4. The first on-response is the Electro Cochleo Gram (ECoG), 
recorded from the promontory or ear canal and depends upon the 
response of the auditory nerve, as well as on the continuous 
potentials of the cochlea, the cochlear microphonics and the summating 
potential (Fig.Ill, 1). The ABR is partly equivalent to the ECoG with 
regard to the Vlllt·1 nerve compound potential (63). The ABR is a 
complex of seven peaks within the first 12 ms after stimulation of an 
acoustic stimulus. They are superimposed on a gradual vertex positive 
shift of the baseline. The amplitude decreases with increasing 
stimulation rate and decreasing intensity. 
The MLR occurs in a time domain which is not clearly defined. The 
distinction with the ABR is determined by the appearance of the 
sonomotor response at about 10 ms, appearing after stimulation above 
60 dB 5PL. The MLR contains myogenic and neurogenic activity. In 
adults, the positivity at about 30 ms is stable, and is Independent of 
state and age differences. The "sonomotor" response within the latency 
domain of the MLR is considerably larger in amplitude and is dependent 
on the muscle tone, especially that of the neck. It was dismissed by 
artifact rejection. We did not study the sonomotor response. The 
transition of the MLR into the ACR is less discrete. The P50 is 
sometimes considered a middle latency potential, and sometimes as 
being an early long latency component. 
The ACR also is an on-response, appearing by any sudden change in a 
stimulation. The responses consist of slow waves, derived from the 
cortex during the waking and sleep states. Late cortical responses can 
be elicited by means of special stimulation paradigms that are 
contingent on expectation. We did not study these. 
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In adults the waveshape of the ACR has a P50-N90-P180-N250 
configuration (16). The numbers relate to the latency values in ms of 
the peaks and troughs. The response is enhanced by attention and is 
depressed by drowsiness. The amplitude of the response is larger after 
binaural stimulation. It is also dependent upon the interstimulus 
interval (151) and intensity. Above 20 dB, the amplitude increases 
rapidly. The most effective stimulus rate is 1-2/sec. Stimuli with a 
spectrum in the middle frequencies 1000-2000 Hz show the largest and 
sharpest responses. Stimulation with a frequency less than 0.5/sec is 
less effective in adults. Random stimulation results in a larger 
response. Those features concern the awake recording. Davis, who first 
described the Vertex potential (P180-N250) or cortical response in 
1939, considered the response in sleep state as being different from 
the one obtained in awake state (14, 15). Asleep the response has a 
P200-N300-P600 configuration. They are also thought to be generated 
differently (16). In sleep stages 2 and 3, N600-800 appears, which 
coincides with increasing slow wave activity in the EEG. 
Davis did not note latency differences between the sides ipsi- and 
contralateral to stimulation (16). Age effects are only established 
for the components P2 and N2. 
IV:3 THE GENERATION OF THE BMC ARs 
IV.3.1 General remarks 
The neurophysiological basis of the neurogenic activity which becomes 
apparent in the BMC ARs is reviewed in chapter III. Action potentials 
from the auditory nerve fibres are the basis of the ECoG and 
contribute to the ABR. They are, however, negligible for all later 
responses. Caird concluded that the ABR predominantly reflects action 
potentials, rather than a postsynaptic slower and less synchronized 
activity (9). The limitation of the AR technology is that only 
adequately synchronized generator activity can be detected. 
Precise knowledge of the generator sites would enhance the clinical 
diagnostic value of the ARs. Many studies have been performed 
concerning the generation sites of the ARs. The ABRs are the best, the 
MLRs are less and the ACRs are the least delineated. Methods in use to 
determine those sites include animal studies applying depth, cortical 
surface and scalp surface recordings. 
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TABLE IV, I; ABR, SURVEY OF THE PROBABLE GENERATION SITES 
PEAK I: 
Animal studies: auditory nerve (4, 7, 33) 
Human studies: auditory nerve (1, 28, 41, 45, 46, 59, 65) 
PEAK II: 
Animal studies: cochlear nuclei (7, 33, 70) 
Human studies: cochlear nuclei (41) 
pontomedullarly level (65) 
auditory nerve (45, 46, 47, 59) 
auditory nerve and pons (28) 
bilateral structures (1) 
TROUGH U N : 
Animal studies: trapezoid body and superior olive (69, 70) 
PEAK III: 
Animal studies: superior olivary complex (7, 33) 
trapezoid body and superior olive c.l. (70, 71) 
Human studies: superior olivary complex (7, 33) 
caudal pontine tegmentum (65) 
pons (28) 
cochlear nucleus (47) 
cochlear nucleus and trapezoid body (59) 
TROUGH IHN: 
Animal studies: lateral lemniscus c.l. (72) 
superior olivary complex i.l. (72) 
PEAK IV: 
Animal studies: inferior colliculus (P4=IV/V) (33) 
lateral lemniscus (7) 
superior olivary complex i.l. (72) 
Human studies: inferior colliculus (41) 
midpons, rostral pons (65) 
bilateral sources (1) 
pons (28) 
superior olivary complex (47) 
superior olivary complex and lateral lemniscus (59) 
PEAK V: 
Animal studies: inferior colliculus (7, 23, 27, 33) 
Human studies: inferior colliculus (28, 41) 
mid pons, rostral pons (65) 
lateral lemniscus (48) 
superior olivary complex and lateral lemniscus (59) 
PEAKS VI, VII : 
Human studies: brachium inferior colliculus and MGB (65) 
MGB (medial geniculate body) (28) 
inferior colliculus (48, 49) 
SLOW NEGATIVITY (SN-10): 
Animal studies: inferior colliculus (23) 
Human studies: inferior colliculus (28, 48, 49) 
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In man, the accessibility is limited. However, sophisticated scalp 
mapping studies, intracranial recordings during neurosurgical 
procedures and clinical case studies have thrown some light on the 
issue. 
IV.3.2 The ABR generation 
The ABR is the most extensively studied level of the ARs. Animal 
studies represent a good reference for the human, which is 
decreasingly the case, the higher one advances in the CNS. The 
relevant literature is tabulated (Table IV, I). Summarizing can be 
stated that the first part of the ABR indicates propagation of 
acoustic signals at the pontomedullary level, and that the last part 
of the ABR reflects conduction function in the midpons and rostral 
pons (65). 
IV.3.3 The MLR generation 
The generation sites of the MLR are not so well defined as those of 
the ABR. Animal and human studies have produced conflicting and 
equivocal results. In animals peaks А, В and С are recognized (8, 10, 
22, 30, 35, 37). Peak A may be identical with peak Pa in the human. 
The early waves in the MLR are associated with activity arising from 
the auditory thalamus, and from the sonomotor response (5). The SN-10 
slow activity, which may coincide with N0, is not myogenic (22). Peak 
A occurs in animals earlier than Pa in man (8, 35). In animals, 
however, it is more prominent contralateral to stimulation (35), 
suggesting a contralateral generation site. In man a bilateral 
generation is proposed (36). Lesion studies in animals with recording 
from the surface of the temporal lobes suggest an origin in the 
contralateral primary auditory cortex (35). 
The independence of peak A from the auditory cortex has been suggested 
by Buchweld. A probable generation site was suggested in the reticulo 
thalamic system: the medial rostral midbrain reticular formation, 
intralaminar thalamic nuclei and centrum medianum (B). Buchwald 
recorded from the vertex, in contrast to Kaga. Reactions of the MLRs 
to specific pharmacological agents also reveal properties determined 
by the levels of generation in the CNS. 
Neuromuscular paralyzing agents do not inhibit the generation of MLRs 
in animals or man. We must thus reject a myogenic origin (8, 26). 
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F ig.IV, 2: MLR in a pavu-
lonized infant (See also 
Chapters VII and XI for 
the symbols and denomina­
tion of the peaks) 
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Similar results were found in an infant pavulonized on the respirator 
because of a status epilepticus (Fig.IV, 2). The components NO, PO and 
Na, Pa are clearly recognizable (see also chapter VII). 
Barbiturates disrupt the human MLR (24), suggesting an origin beyond 
the primary cortex. Mendel however, did not find such an influence 
(42). A differential influence on Na and Pa was reported by Kraus, 
suggesting different sources for Pa and Na (36). Recordings from 
various patients support the theory of a generation in the auditory 
cortex (52), or thalamic radiations (36). Recordings obtained from the 
surface of the temporal lobe, compared with those obtained from the 
scalp reveal a positivity at about 30 ms, which is attributed to the 
posterior part of the superior temporal gyrus, the parietal and the 
frontal operculum (10, 56). Using a coronal electrode chain, Cohen 
found a potential field reversal at the level of the temporal plane 
for Pa, suggesting a source for Pa at that level (13). Hashimoto 
recorded intracranially using an electrode chain in neurosurgical 
patients (29). He contributed NO, PO and Na to postsynaptic activity 
from the inferior colliculi. In a meticulous comparison between the 
ipsilateral and the contralateral records, Woods concluded that the 
various components of the MLR are generated differently for the 
different components (79). Contralateral to stimulation, Na showed a 
greater amplitude and shorter latency than that ipsilateral to 
stimulation. This was not the case for Pa and Nb. In spite of reports 
concerning MLR abnormalities in cortical deaf patients (36) a 
correlation with neur-audiological functions, or dysfunctions, is not 
established for the MLRs. The studies are conflicting in their 
results, probably due to the complex generation of the MLRs. 
AD A S 
70 dB stimulus stimulus 
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IV.3.4 The ACR generation 
The ACRs, although first detected by Davis in 1939 as a vertex 
response, are the least delineated with respect to their generation. 
The reports concerning the generation of the ACRs are difficult to 
compare in view of the differences in approach and the protocol 
designs. Recent literature contains studies in animals and in man, 
from the scalp and the cortical surface, as well as from depth 
probes. Chetrian recorded responses to clicks from the cortical 
surface in the ongoing EEG (12). The response was found to be rate 
dependent. With increase of stimulation rate, the nature of the 
response showed features of an on-response, a following-response and 
off-response. Celesia recorded also slow wave reactions N60-P120-N220 
from the surface of the cortex (11). Extension of this observation 
with depth electrodes resulted in different wave sequences obtained 
from the primary auditory cortex compared with the perisylvian areas. 
The primary auditory cortex Al showed a P15-N20-P32-N62-P120-N220 
sequence; the perisylvian areas P40-N62-P98-N142-P261-N328-P360. The 
early components proved to be more stable. The responses from the 
lateral surface of the superior temporal gyrus, the frontal and 
parietal operculum were variable and small. Monaural stimulation 
showed contralaterally a larger response than that ipsilaterally to 
stimulation. The waveforms were comparable with those observed in 
other primates. The response properties of the primary and secondary 
cortex show a tonotopic order (80). In cat this was shown by Schreiner 
(61). Steinschneider recorded from the scalp and simultaneously 
recorded multiple unit activity in monkeys (64). He concluded that the 
slow waves of the ACRs were volume conducted potentials of deep 
origin. Scalp recordings are applied in man in mapping studies (78), 
maximal field power studies (40) or just phenomenologically by 
description of the peak and trough properties of the ACR. 
The study of Vaughan and Ritter is classic (68). By using a multiple 
electrode array they found a wave sequence of N20-P40-P60-N100-P200. A 
potential reversal over the supratemporal plane suggested a generation 
of the primary components and P200 in that area. The use of irregular 
stimulation resulted in a clear P300, probably from the parietal-
temporal cortex. Kooi, who used a different reference, repudiated the 
conclusions of Vaughan (38). Smith found a field reversal between the 
applied nasopharyngeal and scalp electrodes and postulated a deep 
dipole source for the components between 120-400 ms (62). 
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Components with a latency shorter than 120 ms do not show such 
reversals. Goff contributed the neurogenic components after 100 ms to 
the posterior parietal region (25). The T-complex N100-P200 should be 
differentiated from the vertex K-complex N115-P180, as described by 
Davis. The T-complex might be generated at the secondary auditory 
cortex. The reference electrode position was an important source for 
differences found between the various studies. Wolpaw showed that 
references from the nose, ear and mastoids pick up AEP fields (77). 
Using a balanced non cephalic (hand, knee) reference he found that the 
components between 20 and 60 ms originated from the superior temporal 
plane. The components between 60-250 ms are generated by multiple 
sources. Mathematical analysis of the records, obtained by a coronal 
chain, led Peronnet to the conclusion that single sources cannot 
explain the ACR changes as a function of derivation (53). On the basis 
of a theoretical dipole model, applied also to the results of Vaughan 
and Peronnet, Scherg came to a similar conclusion (60). In the dipole 
model uni- and bilateral, vertically and horizontally oriented dipoles 
can be simulated. The vertex response can be understood as being 
generated by such vertically and horizontally oriented dipoles. The 
data analysis of Vaughan and Peronnet showed that the waves between 
60-250 ms, match a generator of two bilateral sources within the 
temporal lobe. The sequence of the components fits a sequential 
activation of the primary and secondary auditory cortices (60). 
IV:» THE BMC AR PROTOCOL 
IV.4.1 General remarks 
The test protocols for the various studies performed in this project 
are also summarized separately in the different chapters. Evoked 
potential technology has been described extensively (e.g.: 2, 66, 73, 
74). Depending on the audiologlcal or neurological purposes of the 
application of the ARs, specific requirements have to be fulfilled. A 
survey of the BMC AR protocol is summarized in Table IV, II. 
In view of the frequency contents In the different signals, specific 
requirements apply to the analysis time and the mode of stimulation. A 
simultaneous recording of the ABR, MLR and ACR as advocated by Arslan 
(3), Michelini (43) and Scherg (57), is impossible with the 
commercially available devices. 
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The BMC AR protocol consisted of four subsets. Firstly, the ACRs were 
recorded twice binaurally, preferably in wake state. This was followed 
by the MLRs twice monaurally, preferably in sleep state. Subsequently 
the ABRs were recorded twice at 70 dB monaurally, preferentially in 
sleep state. Finally the intensity series was performed monaurally; once 
at 80, 50, 40 and 30 dB ipsilateral to stimulation. The whole protocol 
was performed in about 90 minutes, including the application of the 
electrodes. 
IV.4.2 Testconditions 
Аз mentioned, the records were obtained in a certain preferential 
state. The awake state in the recording of the ACR was chosen in view of 
the generation discussion (§IV, 3). 
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A different generation was suggested for important ACR components 
depending on the states, awake or sleeping. Furthermore, sleep 
constitutes an important factor which influences the latency 
paramaters (16, 75, 76). 
The state of sleep for the ABR and the MLR was chosen to avoid 
myogenic artifacts. In view of the extent of the protocol, the 
preferred state is not taken as a preregulsite for inclusion of the 
records. The recording sessions were performed in premature infants at 
the intensive care unit for premature infants, the ICUP. The infants 
remained in their incubator throughout the sessions. On some occasions 
the infants were artificially ventilated or stretched in O2 boxes. The 
initial recordings occurred often while the infants were still being 
treated with phototherapy. During testing however the phototherapy was 
discontinued. It caused problems in the form of mains interference. 
The noise of the incubators (6, IB, 31, 69) was attenuated by the 
headphones, fitting over both ears. Contralateral masking was not 
applied. The mature newborns were tested in their bassinet in a quiet 
room at the obstetric nursery. As soon as their condition allowed, the 
premature infants were tested in a quiet room of the pediatric EEG 
unit. At 52 weeks conceptional age, which consists of the gestational 
age plus the chronological age, the infants were tested on an out 
patient basis at the pediatric EEC unit. Restlessness was a major 
problem during the recordings at three months. The infants, after just 
being fed and lying in the arms of their mother with the headphones in 
position, were prone to quiescence and sleep. 
IV.4.3 Electrode positions 
All potentials measured at the surface of the skull are generated 
within the skull. The contents of the skull is a volume conductor 
which conducts electric current fairly well. Although the reference 
electrodes were positioned near the brainstem, they are relatively 
inactive with respect to the ABR responses (16). For ABRs the vertex 
position is not very critical, in view of the spatial extension over 
the scalp. Only generators close to the skull require exact 
positioning of the electrodes. Miniature silverchloride electrodes 
were used and attached with collodion glue to the prepared skin of the 
infants. The interelectrode impedance was kept below 2 kOhm by careful 
preparation of the skin. The sites are shown in Fig.IV, 3. 
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Fig.IV, 3: Block diagram of the evoked potential system in combination 
with the schematic drawing of the derivations as used in the BMC AR 
protocol. The electrode positions are denominated according to the 
international 10-20 system (32). The locations C3' and C4 ' are located 
at half the distance between Cz to Al and A2 respectively. 
The reference electrodes were positioned at the preauricular sites Al 
and A2, in view of the feasibility of that location regarding the 
small heads and the headphones. 
The reference for the MLR recording consisted of a linked A1A2 
combination. In the pilot study, application of linkage resulted in a 
better detectability of the records. Myogenic activity appeared to 
cancel out in many infants when the references were coupled. The 
method is common in the recording of late cortical evoked potentials. 
The locations C3' and C4' were also chosen for practical reasons: the 
small headsize and the duration of the procedure dit not allow to 
measure C3 and C4 inside the incubators according the 10-20 system. 
The positions C3 ' and C4 ', half way Cz to Al and A2 were stable and 
easy to define. 
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IV.4.4 Instrumentation 
IV.4.4.1 The EP Unit 
All BMC AR recordings were obtained with a standard clinical evoked 
potential device, the Nicolet CA-1000. One of the objectives of the 
protocol design was to confine the tests to a simple acquisition of 
the data by standard devices, such that the protocol could be applied 
clinically. 
IV.4.4.2 Signal Averager systee 
The physiological amplifier amplifies the potentials obtained from the 
scalp from 10-100 }JV to 1-10 V. The signal is then filtered and sent 
to the averager. The filter optimizes the signal/noise ratio prior to 
the signal averaging. The physiological differential amplifier of the 
CA 1000 (HGA-100) provides a gain of times 10*. The preamplified 
signal is further amplified and filtered in the CA-1000. The total 
system gain necessary is between 10^ and 106. If the (+) input is more 
positive than the (-) input, there will be an upward deflection on the 
display. This applies for the ABR, MLR and ACR. 
The common mode rejection (CMR) provides a suppression of interference 
signals, such as the 50 Hz mains interference, stimulus artifacts and 
muscle activity. Symmetry in electrode impedances enhances the CMRR. 
The bandwidth of the filter specifies the frequency range of the 
recording. All frequencies outside the specific region are 
attenuated. A filter is specified by its breakpoint and roll-off, the 
latter expressed as dB per octave. Each factor of 6 dB results in a 
factor of 2 in amplitude attenuation. The roll-off of the filters in 
the CA 1000 is 12 dB/octave. The issue of proper filtering is of major 
concern in evoked potential recording (39, 58, 73, 74). The filters do 
not only influence amplitudes, but may also induce phase shifts of AR 
components, with a large impact on the latency values and the 
identification of the components. The high pass filter for the ABR has 
been chosen at 30 Hz in order to obtain the slow waves underlying the 
fast seven ABR peaks. The low pass filter is in accordance with most 
studies on the premature ABR. The MLR bandpass, 5-250 Hz, has been 
chosen in view of the signal frequencies in the MLR domain, 30-200 
Hz. The ACR, has frequency contents from 0.1 to 70 Hz. The bandpass of 
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F ig.IV, 4: Click spectra (С), recorded from the headphone after 
stimulation at the right. The left side was similar. A = click 
duration 0.1 ms; В = click duration 1.0 ms. Measurement by means of 
the Briiel and Kjaer, artificial ear type 4152, frequency analyzer 
type 2121. 
This bandpass is not optimal for the faster early components of the 
ACR. Because difference in bandpass influences the phase of the 
response components, it makes the comparison of the MLRs with the 
early responses in the ACR risky. 
IV.4.4.3 Stimulation paraaeters 
The acoustic stimulus used in the present studies, consisted of an 
unfiltered click, which provides the best synchronization of the 
action potentials of the axons. The latency measurements after broad 
band clicks are unequivocal. The longest whole nerve latency, after 
click stimulation which occurs just above threshold, is about 4 ms 
(16). Most empiric experience is acquired with click stimulation by 
rectangular electric pulses to the speaker or earphones. The drawback 
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with the unfiltered click is the uneven distribution of the energy in 
the acoustic spectra (Fig.IV, 4). 
The click duration for the ABR was 100 μ3, which is appropriate to 
elicite auditory nerve fibre action potentials and allows relatively 
fast stimulation rates. The click duration in the MLR and the ACR was 
determined by trial and error in pilot recordings of premature 
infants. The maximal duration of the CA 1000 click stimulator is 999 
\)3. This proved to be effective in obtaining records and is consistent 
with the stimulation rate and time base. Click polarity was positive 
i.e. rarefaction. This is considered more effective than the use of 
condensation clicks (67). Rarefaction stimulation results in an 
earlier appearance of peak I in the ABR than with condensation clicks, 
whereas peak V remains uninfluenced. The stimulation rate for the ABR 
was 11,1/s, for the MLR 4,7/s regularly; for the ACR irregularly with 
a mean rate of 0,5/s. The stimulation mode was irregular because of 
the habituation effects reported in adults (16). These effects have 
not been studied in infants. The effort to study a full set of the BMC 
ARs did not allow to study the influence of changing stimulation 
rates. A faster stimulation rate, as used in screening tests for 
hearing deficits, is not appropriate in view of the loss of waveform 
component detectability with increasing stimulation rate. 
For the MLRs the stimulation rate initially was 4,5/s. This resulted 
together with the stimulation duration of 999 \)s in a reasonable MLR 
waveform. A rate of 4,7/s caused less mains interference. The 
assumption that the ABR and MLR are of subcortical origin, allows for 
regular stimulation. 
The stimulation Intensity was 70 dB in the BMC AR tests, in order to 
avoid possible harmful side effects by the stimulation at higher 
intensities. The zero dB setting of the Nlcolet click generator 
corresponds to a 30 dB peak equivalent sound pressure level (SPL). 
A hearing level cannot be determined in infants. The intensity series 
was obtained at 80 dB, 50 dB, 40 and 30 dB. This series was primarily 
included to judge the ABR threshold qualitatively, from the presence 
of peak I or peak V. 
The stimulation was performed monaurally in the ABR and MLR, in view 
of the attempt to study differences between the sides ipsi- and 
contralateral to stimulation. The extent of the protocol did not allow 
the ACR to be obtained monaurally as well.' Moreover, Davis reported 
that bilateral stimulation enhances ACR responses (16). 
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IV.4.4.4 Averaging and signal processing 
An averager improves the time locked signal/noise ratio by adding 
successive sweeps. The averager consists of an Analog-to-Digital 
converter (ADC), which samples incoming signals into discrete 
amplitude values. These are then summed, and divided by the number of 
sweeps. The resulting values are proceeded for display. The memory of 
the CA 1000 can contain 1024 values, thus 512 locations for each 
channel in the ABR, and 256 locations for each channel in the MLR and 
ACR. 
Horizontal resolution: The sample frequency, the number of samples to 
take from the signal per second, must be high enough to represent 
satisfactorily the fastest components (the shortest events) in the 
signal. A usual rule of the thumb is to take the sampling frequency of 
about 5 times the low pass filter setting. A good visual resolution is 
then obtained (74). 
The ABR has a signal bandwidth of 30-3000 Hz, thus the sample 
frequency of 25 kHz is sufficient. The MLR has a maximal signal 
bandwidth of 5-250 Hz. A sample frequency of 2.6 kHz is appropriate. 
The signal bandwidth of the filtered ACRs is 1-30 Hz. The sample 
frequency is 260 Hz, which is about 6 to 7 times the highest signal 
frequency. 
Vertical resolution: The ADC conversion converts a continuous voltage 
level to a discrete number. The number of bits of the ADC determines 
the voltage resolution. Summing the sweeps enhances the resolution 
proportionally to the number of sweeps. 
The assumption behind the principle of averaging is that the same 
evoked potential is elicited as an additive to the non related 
background activity (random noise). Averaging cancels opposite 
polarities in subsequent realizations of the random noise. The signal 
to noise ratio (SNR) improvement increases approximately with the 
square root of the number of averaged responses. The number of sweeps 
in an average is limited in practice because little improvement is 
obtained when the number of stimuli is increased over a certain number 
of sweeps. Too 'long a recording period may even result in degrading 
the response wave forms. 
Fluctuations of the response due to immature features of the 
anatomical substrates or changes in the state of vigilance cause a 
response jitter which itself causes loss of amplitude and change in 
latency measurements. 
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The synchronization problems are more serious for the fast action 
potentials than for the slow dendritic responses of the vertex 
response. However, at each synaptic relay from the cochlear nucleus 
onward some degree of temporal integration occurs, which decreases the 
effect of the jitter. The response runs at each higher level slower 
than at the lower levels. The result is a relatively low sensitivity 
to the response jitter. The integration time for peak V of the ABR for 
example is 0,5 ms, for Pa 10 ms (?) and for the vertex response 30 ms 
(16). 
Artifact detection and rejection facilities are available on the CA 
1000. Voltages that exceed ± 90S of the maximum value for the A/D 
convertor will be rejected in the averaging process. 
Superimposing duplicate records is to be preferred over one record 
with the double number of stimuli. 
IV:5 RECORDING ANALYSIS 
IV.5.1 General reearks 
The records obtained with the CA 1000 were stored on the floppy disc 
unit of the DC 2000 for later retrieval. The DC 2000 allowed to 
minimize the patient contact time, and to manipulate the data more 
extensively. Transfer of the data to the EP unit Nicolet pathfinder II 
enabled to perform the summation procedures for the composition of the 
group averages. 
The measurements in the BMC ARs concerned the latency and amplitude 
values of the peaks and troughs of interest. The latency of a partic-
ular wave form is defined as the time difference between the onset of 
the stimulus and the occurrence of a peak maximum or trough minimum. 
The latency is measured by means of a cursor on the display screen. 
The amplitudes of waveforms are measured with respect to the 
baseline. Long term baseline drift may occur due to a variety of 
technical factors (74). This influences the amplitude values and adds 
to the variance of the amplitude measurements. 
IV.5.2 Nomenclature 
The labeling of the evoked potentials has not yet been internationally 
agreed upon. The ABR is generally labeled with Roman numerals for the 
positive peaks of the complex (34). 
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For the MLR the suffix Ρ or N refers to the positivity or negativity 
and the additional character indicates the position of the wave in the 
sequence. For the characterization of the ACRs the latencies of the 
slow waves are connected to the suffix Ρ or N. During the period of 
maturation the latter way of labeling is very confusing because of the 
continuous changes in latency and waveform. That is why we have chosen 
for characterization of the consecutive components by the suffix Ρ or 
N with the addition of an arabic number to illustrate the position in 
the wave sequence (see also §IV, 2). 
IV.5.3 Artifacts 
Artifacts occur in a variety of ways. The recording locations did not 
allow us to have the EP unit at a remote distance from the patients. 
Mains interference could not always be avoided, but with careful 
shielding of the power source, its influence could usually be reduced 
or eliminated. Bioelectric artifacts such as muscle activity, 
spontaneous EEG and EMG activity could largely be eliminated by proper 
high pass filtering e.g. at 30 Hz. This cannot be done for the MLR and 
ACR, in which myogenic artifacts often are encountered. Activity from 
eye movements were usually eliminated by the artifact rejection mode. 
Relaxation of the infants by sleep state after feeding reduced the 
influence of myogenic activity effectively (MLR). Skin potentials 
could be avoided by using a sufficiently low electrode to skin 
impedance (below 2 kOhm). 
IV.5.4 Reliability control 
The acquisition of duplicate records in subsets under the same 
conditions, and superimposition of the traces enable a cross 
comparison of the identical wave components within one subject. 
The use of summated evoked responses for a whole group of individuals, 
the composite group average, provides an additional tool for the 
comparative identification of wave form components. Group averages 
cancel out interindividual recording differences. 
The use of the prestimulus interval gives an impression of the 
background noise. 
The visual identification of the EPs is a good but subjective method 
and requires training. The analysis procedures in the ABRs, MLRs and 
the ACRs are also described in the different papers (Chapter V-XIII). 
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IV.5.5 The Group Average (Gr.Av.) 
The use of a reference template in the cross correlation analysis of 
ARs has been advocated by Elberling (21). We superimposed the group 
averages, drawn on a transparant sheet, on the individual records, so 
applying visual pattern recognition (Chapter V, IX, XII). 
To test the group averaging method for possible intrinsic influences 
on the latency values the following analysis was carried out. The 25 
mature newborns (Chapter V) were randomly divided into 5 groups of 
5 infants. Group averages were constructed of the 5 groups and the 
mathematical means of the individual records for the interpeak latency 
differences (IPLDs: V-I, V-III and III-l) were calculated. Two sample 
Student's t-tests were performed. 
The values of the groupaverages showed no significant difference from 
the calculated means. From this observation we concluded that the 
group averaging method would not result in systematic differences in 
latency values due to the method as applied. Furthermore, it was 
concluded that the composite group averages could be used as a 
reference in the analysis of the individual records. 
IV;6 SUBJECTS 
IV.6.1 General remarks 
The first study which we performed with the BMC AR protocol concerned 
its application in 25 healthy mature newborns. The inclusion criteria 
are described in chapter V. 
The second study concerned the application of the BMC ARs in premature 
infants. The results are reported .in chapter IX and further. Ninety 
five infants were studied in all. 
By further analysis, 30 infants were excluded due to structural brain 
damage or overt neurological dysfunctions. 
In addition to the BMC AR protocol, the infants were examined by means 
of transfontanellar echo encephalography in the immediate postnatal 
period and before discharge from the ICUP. In doubtful examinations 
with respect to the integrity of the ventricular or periventricular 
morphology the examinations were repeated according to the clinical 
need. 
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Further, the infants were examined before discharge with polygraphic 
EEG recordings and more extensively if it was considered clinically 
necessary, e.g. if seizures were suspected. 
Every BMC AR protocol session in the mature and premature infants was 
accompanied by the neurological examination according to Dubowitz 
(20), with extension of failing items such as deep tendon reflexes and 
cranial nerve functions. 
The results of BMC AR testings in the pathological premature infants 
and the analyses of the additional protocols as described above are 
not reported or discussed here, we limit ourselves in the present 
study to the "normal" evolution of the BMC ARs. 
An important issue in developmental studies is the determination of 
the gestational age (GA), and conceptional age (CA=GA + chronological 
age). We used the obstetric data i.e. the date of the mother's last 
menstruation. In doubtful cases the full Dubowitz Newborn Maturation 
Scale (19) was used along with the Narayanan Score (50), as used by 
the neonatologists. The biometrie data, the gestational, perinatal and 
postnatal events were recorded on a standard information sheet. This 
was not used to define in- or exclusion criterion for the BMC AR 
protocol. 
IV.6.2 The prenature newborn group 
The integrity of the peripheral hearing capacity is a prerequisite for 
a reliable application of the BMC ARs for neurological purposes in 
infants. For that reason the intensity series was included in the BMC 
AR protocol as a measure for the threshold. 
Premature infants have an increased risk of about 43ί to suffer from 
hearing loss as a result of a variety of clinical conditions. These 
conditions include congenital infections, hyperbilirubinemia, 
intracranial hemorrhage, ischemia and hypoxia, and combinations of 
these factors with other constraints of the intensive care as the use 
of ototoxic drugs (44). The factors all play their respective role in 
the quality of the results of the BMC ARs obtained in the infants. 
These factors remain out of the scope of the present study. 
The BMC AR recordings were obtained in the premature infants between 
March 1983 and June 1984. All preterms were admitted to the ICUP of 
the Institute of Paediatrics of the St. Radboud hospital for a variety 
of reasons, related to their prematurity, usually predominantly 
consisting of dependency on respiratory and circulatory support. 
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They were admitted to the protocol after parental consent and after 
approval of the neonatologist in charge in view of the stability of 
the clinical condition and the tolerance to elective examinations. 
Ninety five out of about 300 infants admitted to the ICUP during this 
period were examined. 
Thirty out of these 95 infants were excluded because of structural 
hypoxic, haemorrhagic, infectious or dysgenetic braindamage or overt 
persistent abnormalities at the neurological examinations. Doubtful 
cases were not excluded. Seguential recordings were obtained in 49 
infants, including the session at 50-52 weeks CA, i.e. CA level 10. 
The BMC AR sessions were applied at 8 conceptional age levels numbered 
1 to 7 and 10, the latter to illustrate the time gap between the full 
term level 7 and 3 months thereafter. 
The infants were divided into 5 groups I to V according their 
gestational age in order to study the influence of the degree of 
prematurity on the maturation of the BMC AR parameters (Table IV, 
III). Fourty nine out of the 65 infants had a follow up recording at 
CA level 10. Five of the infants died because of etiologies outside 
the CNS. Two of the 5 infants had only one session result; 2 infants 
died before the CA level 10 was reached and one infant deceased after 
CA level 10. Eight infants with only one recording each were included, 
after they were studied as pilot infants with the full definite 
protocol. Two infants failed the follow up at 3 months because of the 
distance to the hospital. One infant did not follow the appointment at 
3 months. 
The distribution of the GA groups I to V at the 8 different CA levels 
are depicted in the survey with the matching recording sessions for 
each infant. With a few exceptions, all infants used antibiotics 
during their admission. In 6 occasions phénobarbital was used for 
metabolic seizures or jitteriness. 
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GA = gestational age; CA = conceptional age; m = male; f = female; é = week of delivery; + = deceased; 
* = recording session; . = no recording session. 
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V:l ABSTRACT 
We are investigating the maturation of auditory evoked responses, as a 
potential diagnostic tool for the neurological examination of prema­
ture infants at the Intensive Care Unit for Prematures. 
In this communication we report the group composite averages of the 
BMC ARs in β group of 25 mature and healthy newborns with a follow-up 
at 3 months of age. The ABRs showed a remarkable variability in wave I 
latency, with a relatively stable V-I central conduction time (ССГ) of 
the brainstem. The ipsilateral V-II CCT does not differ appreciably 
from the contralateral V-II CCT. The MLR components N0-P0-Na and also 
Nb, Nc, Nd are identifiable in the group averages. Voltage asymmetry 
between stimulated versus non stimulated side is slight but persistent 
in the newborn period as well as at 3 months of age. The group 
averaged ACRs show an early complex within the latency reach of 100 ms 
and a slow W shaped late complex, most distinct at 3 months. The 
results indicate that the protocol as applied, constitutes a tool 
for the testing of conduction function of the auditory afference in 
newborns, even beyond the level of the brainstem. Group averaging 
offers a method to determine the intragroup stability of evoked 
potentials under investigation. 
V:2 INTRODUCTION 
The human auditory evoked response (AR) recorded from the scalp 
contains a wave seguence that can be divided Into three parts: the 
auditory brainstem response (ABR), a complex of seven waves I to VII, 
occupying the first 10 ms; the middle latency response (MLR), a 
complex of five waves N0 to Nd, ending at about 100 ms with an overlap 
of the early waves of the first complex of the late cortical auditory 
response (ACR). The ACR consists of early and late waves. The most 
prominent positive and negative slow waves occur from about 100 to 800 
ms. The normative values of ABRs in prematures, full terms and infants 
have been established during the last decade (Hecox 4 Galambos, 1974; 
Schulman-Galambos 4 Galambos, 1975; Salamy 4 McKean, 1976; Finitzo 
Hieber et al., 1978; Goldstein et al., 1979; Despland 4 Galambos, 
1980; Germain et al., 1980; Cox et al., 1981; Paludetti et al., 1981; 
Mochizuki et al., 1982; Roberts et al., 1982). The changes in the 
developmental triad of amplitude increase, latency shortening and 
threshold improvement that occur with increasing age have been 
reviewed recently by Galambos (1982) and Hecox et al. (1981). 
Normative data of the MLRs have been defined in adults but 
investigated little in newborns and infants (Engel, 1972; McRandle et 
al., 1974; Mendel et al., 1977; Ozdamar 4 Kraus, 1983; Wolf 4 
Goldstein, 1978). The clinical application is guestioned due to the 
controversy concerned with the myogenic versus neurogenic origin of 
the MLR (Geisler et al., 1958; Bickford et al., 1964; Goff et al., 
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1977; Hashimoto, 1982). Some oF the maturational characteristics oF 
the MLRs In newborns, young children and adults have been described by 
Mendelson & Salamy (1981). The ACRs in premature, Full term newborns 
and young children were studied earlier, beFore the attention was 
generally concentrated on the "more promising" ABRs. Age dependent 
characteristics oF the ACRs were reported (Weitzman A Kremer, 1965; 
Weitzman et al., 1965; Weitzman 4 Graziani, 1968). The clinical 
application oF the ACRs In InFants is closely limited to evoked 
response audiometry (Rapin 4 Schimmel, 1977). In a Few reports its use 
has been extended to the neurological evaluation oF the central 
auditory aFFerence (Barnet et al., 1975). 
To determine the value oF the auditory evoked responses For the diag-
nosis oF the extent oF cerebral dysFunctions in premature inFants and 
mature newborns at risk oF cerebral damage, we developed a testing 
procedure that could be carried out routinely by a technician. The 
test consisted oF an ABR with a threshold determination, a MLR and an 
ACR. Part oF this study applied this procedure to healthy, mature 
control newborns at term date and later at 3 months oF age. To develop 
a matrix For the analysis oF the Individual test recordings and to 
test the intra group stability, we determined composite group averages 
by summation oF the recordings obtained in the individual Infants. 
This paper reports the results oF these group averages For the BMC ARs 
In the term group. A statistical analysis oF the AR variables and an 
analysis oF the results In the prematures Is In preparation. 
Where possible the nomenclature Is adapted to that used by Jewett 4 
WilUston (1971), Pickton et al. (1974), Goldstein et al. (1979) and 
Owen 4 Matsusaka (1982). The abbreviations For the dtFFerent 
potentials are adapted to the standards For Scandinavian Audiology. 
V;3 MATERIAL AND fCTHODS 
V.3.1 Sifcjects 
Twenty Five healthy newborns, I to 5 days oF age, were randomly 
selected For AR testing. The inFants were born in the Department oF 
Obstetrics oF the Sint Radboud hospital. The Following criteria were 
chosen: term at birth 39-41 weeks, weight above 2500 g, no history oF 
ante-, peri- or postnatal dlFFicultles. The maternal and Family 
histories were reviewed For audlologlcal risk Factors. The gestational 
age was estimated using the mother's last menstruation date. Gestation 
varied between 39 and 41 weeks (mean oF 40.3 weeks). In doubtful 
cases, the gestational age was also determined by use oF the Dubowitz 
Newborn Maturation Scale. The group consisted oF 18 males and 7 
Females. Two inFants were not brought For Follow up at 3 months oF 
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age. Apgar scores were above 7; umbilical arterial pH values at birth 
were above 7.10 . No ototoxic drugs were used. Each infant received a 
detailed physical examination by a neonatologist and a neurological 
assessment according to Dubowitz by a neuropediatrician. At 3 months 
of age the infants were reexamined medically and neurologically. 
Parental consent to measure the evoked potentials was obtained in all 
cases. 
Test conditions 
The tests of newborns were performed in a quiet room on the obstetric 
nursery and at 3 months on the paediatric EEG unit. Sedation or 
anaesthetics were not used. The newborns were placed in their bassinet 
with the earphones resting over both ears. At 3 months of age some 
children were too restless. In their mother's arms they were more 
prone to quiescence and sleep. The testing procedures at 3 months were 
essentially the same as under the initial conditions, except that the 
babies were tested and examined as outpatients on the pediatric EEG 
unit. They were tested while quiet, usually after their feed. The test 
sequence consisted of the binaural ACR, monaural left and right MLR 
and ABR. Finally, left and right intensity series were performed. 
Except for the intensity series, the subtests were performed twice in 
order to test reproducibility and to judge the effects of alterations 
in vigilance. Testing of most infants was usually completed within 90 
min. Preferably the children were awake during the ACR and sleeping 
during the MLR and ABR. 
V.3.2 Instrumentation and test parameters 
All AR recordings were obtained with a standard clinically evoked 
potential device, the Nie CA-1000 unit. Miniature silverchloride EEG 
electrodes were attached to the prepared skin with collodium at Cz, 
C4' and C3 ' (half the distance Cz and A2 or Al). The reference 
electrodes A2 and Al were placed preauricularly and the ground 
electrode at Fz according the 10-20 system (Jasper, 1958). The 
impedance across any two electrodes was kept below 2 kOhm. The test 
parameters are summarized in Table IV, II. Positive (rarefaction) 
click stimuli, generated by a Nie 1001A click stimulus generator, were 
delivered monaurally and binaurally by means of TDH-39P headphones. 
The zero dB setting on the CA-1000 corresponded to a peak equivalent 
SPL of 30 dB. The responses were 10* χ amplified by the HGA-200, 
physiological amplifier. The results were stored on a Nie DC-2000 for 
further analysis, using a Nie Pathfinder II. Electrical interference 
from monitor and support equipment could not always be avoided, 
particularly during the MLR recordings. The choice of the stimulation 
rate 4.7/s diminished this problem. To assess the signal to noise 
ratio, 25% of the total analysis was used as prestimulus time during 
all tests. An artifact reject mode scanned each individual sweep for 
voltages exceeding plus or minus 90* of the sensitivity value in ± pV, 
excluding the first 2 ms of the sweep. The polarity was chosen so that 
an upward deflection always reflected positivity. 
The composite group average recordings were obtained by gummating the 
individual recordings of the control infants with the Nlc Pathfinder 
II. Because of the variation in latencies of wave I when measured at 
stimulus onset, the ABR group averages required specific manipula­
tions. Being mainly Interested In the auditive afference from the VIII 
nerve on, we summated the Individual recordings using wave I (80, 70, 
50 cB) or wave V (40, 30 dB) as the chosen fixed point of reference 
for the individual recordings to be summated. With a stable central 
conduction, this should result In a clear waveform with the known wave 
components of I to VII. The wave components I and V in the individual 
ABR recordings were determined by visual analysis. 
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Fig.V, 1: Group averages of the ABRs at 80, 70, 50, 40 and 30 dB click 
Stimulation in 25 healthy full-term newborns (a), and a repeat test at 
3 months in 23 of them (b). The averages consist of a summation of the 
Cz-Al and Cz-A2 records from the stimulated sides. Most records show 
distinct waves I, II, III, V and VI. The synchronization of peak I 
(80, 70, 50 dB) and peak V (40, 30 dB) result in a jitter of the 
stimulus artefact "st", avoiding a I-V IPLD jitter. As a consequence 
of the synchronization of the individual records, the curves of the 
composite group averages occasionally show also a straight line at the 
beginning or at the end by the record shift. Symbols used: Τ = term 
date; 3M = 3 months; st = stimulus artifacts. Amplitudes: -0.14 pV to 
0.27 pV. 
The records of the Ipsi- and contralateral derivations and the 
threshold recordings were used for this analysis. The group averages 
of the MLRs and the ACRs were obtained by summation of the individual 
recordings. The latency measurements of the ABR were the interpeak 
latency differences (peaks I, II, III, V). The MLRs and ACRs peaks and 
troughs were measured with respect to the stimulus zero point. The 
point of measurement was chosen by taking the highest or lowest 
amplitude in the peaks and troughs, disregarding superimposed noise 
amplitudes. Components selected for measurement in the group averaged 
MLR were PO, Na, Pa, Nb, Pb, Ne, Pc, Nd. In the group averaged ACR: 
Na, Pb, Nc, PI, N1, P2, N2, P3, N3 and P4. Simultaneous EEG recording 
to determine sleep stages was not possible given the chosen simplicity 
of the test procedure. However, the babies were continuously observed 
by the technician to note state of vigilance characteristics. 
V.4 RESULTS 
V.4.1 Auditory brainstea responses 
The composite group averages of the ABR intensity series and of the 
test at 70 dB ipsi- and contralateral to stimulation are depicted in 
Figs.V, 1 and V, 2. The broad stimulus artifacts are a result of the 
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Fig.V, 2: Group averages of 
ABRs obtained ipsilaterally 
and contralaterally to stimu­
lation at test intensity 70 dB 
in full term and 3 month old 
infants. The IPLDs are distinct 
for both the ipsi- and 
contralateral intervals. 
Symbols: Τ = term date; 3M = 3 
months; st = stimulus arti­
facts; il = ipsilateral and cl 
= contralateral to stimulation. 
Amplitudes: -0.14 μΥ (SN-10) to 
0.23 μν (peaks I and V). 
2.0 ms 
TABLE V, I; INTERPEAK LATENCY DIFFERENCES (IPLDs): ABR COMPOSITE 
GROUP AVERAGES (ms) 
Intensity 
80 dB 
70 dB il 









































The most prominent ABR IPLDs of the composite group averages at the 
different intensity levels in full term infants and at 3 months. The 
values of the ABR tests at 70 dB ipsi- and contralateral to 
stimulation are tabulated. The values obtained at 30 and 40 dB are not 
included. The 0 dB setting corresponds to 30 dB peak equivalent SPL. 
Symbols used: - = not present; ? = no distinct point for measurement; 
il = ipsilateral and cl = contralateral to stimulation. 
summation procedure of the individual control recordings, since the 
records were synchronized on wave I (80, 70, 50 dB) or wave V (40, 30 
dB). The figures show easily recognizable waves I, II, III, V and VI, 
and the slow negative potential SN-10 (Davis 4 Hirsh, 1979). The IPLDs 
of the ABR group averages at 70 dB and of the threshold determination 
are summarized in Table V, I. The waveforms at lower intensities are 
less distinct and the measurement of the IPLDs in the composite 
group averages is harder to do. 
V.4.2 Middle latency responses 
The composite group averages of the MLRs elicited at term date and at 
3 months are illustrated in Fig.V, 3. The latency values of the 
various MLR components are presented in Table V, II. 
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Fig.V, 3: Group averages of 
the MLRs in 25 full term 
newborns and at 3 months oF 
age. The results oF the 
summation of the records from 
different derivations after 
right ear stimulation are 
illustrated (a). 
The summation of the recor­
dings at term and at 3 months 
from the bipolar derivation 
C4,-C3I after right or left 
ear stimulation and their 
addition is shown in (b). 
^ £ ^ A S It shows a slight amplitude 
asymmetry in the derivations 
of ipsilateral compared with 
contralateral stimulation. The 
addition results in a flatte­
ned recording, suggesting the 
equality of the leFt and right sided asymmetry. Symbols used: Τ = 
term date; 3M = 3 months; st = stimulus. Amplitudes: -0.50 to 0.21 pV. 
TABLE V, II: LATENCY VALUES 0Γ THE COMPOSITE GROUP AVERAGES MLR (ms) 






ЗМ ЗМ ЗМ 
ЗМ ЗМ 
ЗМ 
CZ-A1A2 8.4 7.2 
С4,-А1А2 8.8 7.2 










57.2 57.2 63.2 62.8 
57.6 55.6 64.0 62.4 





C4 ,-C3 , АО Ν Ρ N 
6.8 6.0 11.2 10.0 15.6 13.2 
C4 ,-C3 , AS Ρ Ν Ρ 
7.2 6.4 12.4 10.8 18.0 18.0 
04'-СЗ' ADS 
Positive and negative peak latency values oF the composite group 
average oF the MLRs at term date (T) and 3 months (3M). The latency 
values oF the Cz, C4' and d'-MM derivations are summarized in Table 
V, IIa. Those oF the bipolar C4'-C3, derivation in Table V, lib. 
Symbols used: - = not present; ? = no distinct point For measure­
ment; AD = right ear stimulation; AS = left ear stimulation; ADS = 
summation AD + AS. 
The derivations from central (Cz) and central temporal (C3', 04') to 
linked ears (A1A2) are depicted and tabulated in Fig. V, 3a and Table 
V, H a . Important differences at the various test locations are not 
observed. The small amplitude asymmetry between the stimulated 
vis-à-vis the non-stimulated side is reflected in the C4,-C3, 
derivation, depicted in Fig.V, 3b and presented in Table V, lib. 
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Flg.V, 4: Group averages 
of the ACRs in 25 healthy 
mature newborns at term 
date and at 5 months. The 
recordings obtained from 
the different derivations 
are summed. The click 
stimulation was applied 
bilaterally at 70 dB. An 
upward deflection 
indicates positivity at 
the Cz, 04', and СЗ' 
electrodes. A distinction 
is observed between the 
primary complex 
Na-Pb-Nc-Pl-Nl and the 
slow secondary complex P2-N2-N3-N3-P4. Large differences in wave form 
occur at the central temporal areas C4 1 and C3', term compared with 
3months, in both the PI and P2 time domain. Symbols used: Τ = term 
date; 3M = 3 months; st = stimulus. Amplitudes: -1.90 to 1.90 pV. 
The Pa and Nb components are hardly recognizable at term date, but are 
seen at 3 months (21.6 and 26.0 ms resp.). Summation of the C4 ,-C3 , 
curves obtained after stimulation of the left and right ear 
respectively results in a flat record, illustrating the equality of 
asymmetry between stimulated and non stimulated sides after both right 
and left ear stimulation. 
V.4.3 Auditory cortical responses 
The composite group averages of the various derivations at term date 
and at 3 months are presented in Fig.V, 4. The latency values for the 
different waveform components are summarized in Table V, III. 
On binaural stimulation, the vertex to ear derivations show a primary 
complex in the first 150 ms after stimulation, which contains positive 
and negative components. The components overlap those of the MLRs. We 
observed the separation of PbPl (" 64 ms) at term date in Pb (~ 36 ms) 
and PI (~ 80 ms) at 3 months of age. The "W" shaped slow secondary 
complex primarily shows a latency decrease, the significance of which 
has to be determined. N3, at term approximately 500 ms, is at 3 months 
hardly discernible in the composite ACR group average. 
The central temporal derivations from C3 ' and 04' to Al and A2 resp., 
show a difference in the wave composition at term date, by the 
presence of β double P2 wave, labeled P2 and П.' (~ 330 ms). Those 
components form a single wave P2 in testing at 3 months. 
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TABLE V, III: LATENCY VALUES OF THE COMPOSITE GROUP AVERAGES: ACR (ms) 
NA Nc NcNl N1^  
Primary Complex Τ 3M 3M Τ ЗМ 
Cz -A2 24 16 52 124 112 
Cz -Al 24 16 48 112 116 
C4,-A2 20 12 52 144 104 
СЗ'-А! 24 12 48 140 112 
Secondary Complex P2 N2 P3 P4_ 
3M Τ 3M Τ ЗМ Τ ЗМ 
Cz -A2 212 176 384 312 444 348 720 576 
Cz -Al 216 172 384 260 464 352 720 580 
C4,-A2 200 172 400 296 436 420 724 596 
СЗ'-А! 192 160 ? 292 ? 428 688 608 
Latency values of the group average of the ACRs at term date and 3 
months in 25 newborns. At term date the components Pb and Nc are not 
present in the primary complex. The components P2 and P2 ' in the 
central temporal derivations at term date are a singel wave at 3 
months (P2). Symbols used: ? = no distinct point for measurement. 
V.5 DISCUSSION 
The test procedure, as applied, resulted in clear BMC AR composite 
group average waveforms. The determination of thresholds was thought 
to be a prerequisite in the interpretation of the results of the ABR, 
MLR and ACR. The lowest intensity of 30 dB was chosen in view of the 
auditory threshold reported in full terms. Due to difficulties in the 
analysis of the individual recordings by visual Inspection, we chose 
to determine first the group composite averages for the different 
subtests. The group averages illustrate the interindividual stability 
of the potentials by the nature of the averaging procedure. Our 
results of the composite group averages agree with the published 
reports on the brainstem central conduction time in newborns, if 
variability in stimulus parameters and test conditions are taken Into 
account. The bandpass as used here, also allows observation of the 
slow negativity SN-10 following the IV-V complex. The tests performed 
at 70 dB provide Information on the ipsi- and contralateral 
propagation of the ABR. A problem is the identification of the 
contralateral wave lie and IIIc, because they are often fused. 
The variability of wave I latency in our results could be explained by 
a transmission delay at the level of the middle ear (fluid), 
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compression of the soft ear canals (although the earphones were 
relatively large), or by the timing of the test after birth. The 
recordings in our control infants in the neonatal period were not 
obtained before 48 hours after birth. According to Mj^en A Qvlgstad 
(1983), the ABRs are stable 2 hours after birth. Furthermore, we noted 
a remarkable latency variation of peak I at 3 months which was 
illustrated by the stimulus jitter after synchronization of wave I. 
The synchronization procedure results in a more clearly recognizable 
group average record than could be obtained with summation using the 
stimulus as the fixed point. Avoiding this interindividual EP jitter 
in the MLR and ACR was not necessary in view of the time domain of 
those responses. The composite group average of the 30 dB ABRs with 
synchronization of peak V shows a broad wave II-III, which makes a 
latency measurement of this group average rather tenuous. The group 
averaging procedures in the MLRs and ACRs in the control Infants 
proved as stable as the ABRs. From the ABRs and MLRs this could be 
expected, since they are the stable subcortical components in the 
auditory afTerence propagation. The ACRs are known to be sensitive to 
many variables. Most important is the stage of sleep (Williams et al., 
1962; Weitzman et al., 1965). We could not always control this, 
lacking simultaneous EEG recording. 
The MLR composite group averages show a stable response at the 
various derivations. Only a slight asymmetry was noted between the 
ipsi- versus contralateral side of stimulation cf. Mendel et al. 
(1977). This was in contrast to Wolf 4 Goldstein (1978) who noted 
latency differences as well. The MLR components show some differences 
between the term and 3 months post term records. The group averages at 
term scarcely show Pa, which is clearly seen at 3 months. The latency 
of components beyond PO-Na, readily distinguishable in the group 
averages, show remarkable latency differences compared with those 
reported by McRandle et al. (1974), Mendel et al. (1977) and Mendelson 
& Salamy (1981). This might be due to the bandpass used in these 
studies as well as filter characteristics (Lane et al., 1974; 
Goldstein et al., 1979; Scherg, 1982; de Weerd, 1983) and possibly 
also the stimulation characteristics (clicks, tone pips in various 
freguencies) or even the nomenclature. We did not investigate this by 
changing our test parameters. 
The group averages of the ACRs show early and slow lata components, 
which we labelled the primary and secondary complex. 
91 
The components of the primary complex are often hard to recognize in 
individual recordings, except for Na. The components of the primary 
complex overlap the MLR time domain. One of the developmental features 
in the primary complex might be the splitting of the PbPl component 
into two waves (Pb and PI) at 3 months. Also, the waveform at term 
date derived from the central temporal area is remarkable for P2 and 
P2 '. These two waves fuse at 3 months. The prominence of the slow 
components P2 and N2 is in concordance with the findings in other 
investigations. The latency values of the components beyond the P2 
differ from other reports. This is partly due to the differing 
nomenclature for these different components and to differences in the 
teat procedures (sleep-awake). We tried to perform the ACR in quiet 
awake state. Actually the sample consisted of infants both In awake 
and transitional sleep state. To avoid changes in vigilance this 
prompted us to also make the stimulation runs as short as possible. 
The choice of the awake state was also made because of the finding of 
Rapin & Schimmel (1977) that the chance of falsely interpreting a 
record was not affected by wakefulness. 
This study suggests that this test procedure is suitable for measuring 
the entire auditory afference during a reasonable timespan in 
infancy. Developmental parameters for the evaluation of the auditory 
sensory neurological abnormalities are needed, for prematures and 
newborns at risk of cerebral damage. Measures, such as the BMC ARs, 
might serve this purpose. 
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VI.1 ABSTRACT 
This communication describes the results of auditory brainstem 
responses (ABRs) obtained in 25 healthy mature newborns with a follow-
up at 3 months of age. The combination of ipsi- and contralateral 
recordings, the Intensity series and the comparison with the composite 
group averages are useful for the identification of the separate ABR 
components. Differences between the records after right or left ear 
stimulation were not observed. Comparing our data with those obtained 
by others, we conclude that the interpeak latency differences (IPLDs) 
offer a more consistent measure of ABR latency values than the peak 
latencies measured from stimulus onset. The simultaneously recorded 
ABRs ipsi- and contralateral to stimulation show both at term, and at 
3 months, an equal central conduction time. The ABR VC-IIC IpLD shows 
contralaterally a significant shift compared with the ipsilateral V-II 
complex. The significant latency changes observed between term and 3 
months are due mainly to the latency decrease in the III-II IPLD. 
VI .2 INTRODUCTION 
Since Jewett (1970) and Sohmer (1970) first reported on the far field 
evoked responses as obtained from the human scalp after an auditory 
stimulus resulting in a wave complex now commonly called the BAEP or 
ABR, the procedure has become widely accepted. 
The ABR proved useful in the detection of dysfunctions in the auditory 
nerve and the brainstem auditory nuclei and pathways. Jewett 4 Romano 
(1972) have also described certain maturational characteristics in 
animal experiments. Lieberman 4 Somer (1973), Hecox 4 Galembos (1974), 
Schulman-Galambos 4 Galembos (1975) and others (Appendix) described 
age dependent properties of the ABR in the human. The ABR proved a 
reliable developmental parameter. Most emphasis In the application of 
the ABRs had been put on the detection of hearing function (Galambos 4 
Despland, 1980; Levi et al., 1983; Stein et al., 1983; Shannon et al., 
1984). Recent studies have been reported in newborns and premature 
infants regarding the effects on ABRs caused by hyperbilirubinemia 
(Kaga et al., 1979; Wennberg et al., 1982; Perlman et al., 1983), 
asphyxia (Barden 4 Peltzman, 1980; Kileny et al., 1980; Hecox 4 Cone, 
1981; Sohmer et al., 1982, 1983), meningitis (Kotagal et al., 1981; 
Muñoz et al., 1983; özdamar 4 Kraus, 1983; Guiscafré et al., 1984) and 
sudden infant death syndrome (Orlowski et al., 1979; Kileny et al., 
1982; Henderson et al., 1983; Lüders et al., 1984). 
To contribute to the knowledge on the neurological and neurophyslol-
ogical measures for the quality of the central nervous system in term 
and preterm newborns and infants at risk for cerebral damage, we 
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applied auditory brainstem responses to a control group of 25 
newborns. Special attention has been paid to the characteristics of 
the simultaneously obtained contralateral ABR recording. This report 
will be followed by studies on simultaneously obtained MLRs and ACRs. 
VI.3 METHODS 
The AR protocol, test conditions, instrumentation and test parameters 
and a description of the subjects have been reported previously 
(Rotteveel et al, 1984). Twenty five healthy mature newborns were 
examined 1 to Ъ days after birth at 39-41 weeks of gestational age 
("term") and 23 of them at 3 months of age. The ABRs were elicited by 
100 JJS positive (rarefaction) 70 dB clicks (= 100 dB SPD at a rate of 
11.1/s. Two thousand stimuli were delivered twice via TDH-39 pediatric 
headphones monaurally to the right and left ear seguentlally. The test 
was preceded by an Intensity series of 1000 clicks at 80, 50, 40 and 
30 dB, with bandpass 30 - 3000 Hz. The analysis time was 20 ms 
including 25!й prestimulus time. The scalp electrodes were positioned 
at Cz, preauricularly at Al and A2 and grounding at Fz, according to 
the 10-20 system. Recordings were obtained ipsilateral to stimulation 
in the intensity series and ipsi- and contralateral In the test at 70 
dB. The records were analysed by visual inspection, using the ipsi-
and contralateral records in connection with the Intensity series and 
the group averages, which were obtained by summation of the Individual 
records. Separate peaks were measured, choosing the middle of the wave 
to be determined according to Ogleznevy et al. (1983). The latency and 
amplitude values were measured using a cursor on the display screen 
(Nie P-II and Nie CA 1000). Amplitudes were measured with respect to 
the baseline voltage and latencies from the onset of the stimulus. The 
ABR parameters measured related to the peaks I, II, III, V and the 
contralateral peaks II e and V e in the test at 70 dB. The Intensity 
series was analysed qualitatively for the presence of wave V. Mean 
values and standard deviations or standard errors of the mean of the 
parameters and of parameter functions, such as the interpeak latency 
differences (IPLD), were computed. The differences between ipsilateral 
and contralateral values and between values at term date and after 3 
months, were analysed statistically by means of paired Student's 




The waveform of the ABR of a representative newborn at term date and 3 
months thereafter is depicted in Fig.VI. 1. In the newborn period the 
wave complex shows a positive-negative-positive composition. Peaks I 
and II are fused in the first posltivity, peak III emerges from the 
trough in the negativity, peaks IV and V are fused together with peak 
VI in the subsequent posltivity. Wave I is often bifid. In such cases 
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70 dB, 2x2000 pos Ol ms сікгкз • 20 ms/ í ) l v 
аО-ЭО dB, 1x1000 pos 01ms clicks 
BP ЗО-ЗООО Hz , Rate 111/s 
Fig.VI, 1: Recordings of the auditory brainstem response (ABR) in a 
representative healthy newborn at term (T) with a follow-up at 3 
months (3M), after stimulation of the right (AD) and left (AS) ear. 
The upper traces are the derivations ipsilateral to stimulation (a). 
The summations of these duplex recordings are depicted in (c). The 
contralateral recordings are depicted in (b), and their summations in 
(d). The intensity series is depicted in (e). The Roman numerals 
denote the various peaks. 
the middle of the wave has been chosen as the point of measuring. In 
the contralateral recording, peaks IIe and Hie often fuse. Peak VI is 
more prominent contralaterally than in the ipsilateral recording and 
offers a landmark in the analysis procedure. Peaks I and II tend to be 
separated in the intensity series at 80 dB. At 3 months the waveform 
is better discernible in the 70 dB test as well as in the intensity 
series. In the analyses of the records obtained after right versus 
left ear stimulation we did not observe amplitude or latency 
differences. Further analyses were carried out over the means of the 
values obtained on the right and left sides. 
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Means and standard deviations (SD) or standard errors of the mean 
(SEM) with respect to latency values of peaks I, II, III and V 
(ipsilateral to stimulation), lie, v c (contralateral to stimulation), 
the interpeak latency difference values II-I, III-I, V-I, ІІІ-ІІ, 
V-II, V-III, V C-II C and ipsilateral-contralateral latency and 
amplitude differences ІІ-Цс, V-Vc and (II-V )- (Iic_vc). N
 =
 number of 
infants showing the parameters under investigation after both right 
and left ear stimulation. Gr.Av. denotes the IPLD means obtained in 
the composite group averaging procedure; ρ = the testing results 
obtained by applying paired Student's t-tests. 
VI.4.2 Intensity series 
The intensity series was analysed qualitatively for the presence of 
peak V to the level of 30 dB. Besides its value as indicator of the 
peripheral hearing potential, the intensity series proved useful in 
the analysis of the components in the individual ABR recordings, such 
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as the determination of peaks I, III and V. The newborn's ABR in Fig. 
V, 1 shows a remarkable difference in the intensity series obtained on 
the two sides. These asymmetries have been observed frequently in the 
newborns. Those differences had usually disappeared in the follow-up. 
Qualitatively we noticed a large transition in the latency decrease 
with decreasing intensity between 40 and 50 dB, as also reported by 
Stockard et al. (1979). 
VI.4.3 Amplitudes 
The amplitudes at term date (0.12 ± 0.06 pV for peak II and 0.22 * 
0.08 pV for peak V) and at 3 months (0.13 ± 0.08 pV for peak II and 
0.23 ± 0.19 pV for peak V) show a considerable variation. The paired 
t-tests did not show significant amplitude differences between the 
parameters measured at term and those at 3 months, except for peak V e 
(-0.06 ± 0.02 pV; p=0.03). The amplitude ratios V/I at birth (mean 
1.09 ± 1.73 pV) and at 3 months (mean 1.41 ± 0.74 pV) do not differ 
significantly (p=0.48). Comparison of the amplitude data of the ipsi-
lateral recording with those of the contralateral recording revealed a 
significantly lower mean for peak Ve at term and for peak II e at 3 
months (Table VI, I). 
VI.4.4 Latencies 
All latency values showed (as expected) a significant decrease as a 
function of increasing age, despite the variability of peak I with 
respect to stimulus onset, as we noted In our study on the composite 
group averages (Table VI, II). For the period studied the interpeak 
latency differences II-I and V-III did not alter markedly, whereas 
III-I, III-II, V-II and V-I did. All the letter changes were due 
mainly to the shortening of the III-II interval. The variance of the 
various latency parameters at birth and after 3 months is considerably 
larger than of the interpeak latency differences (Table VI, I). This 
might well be due to the variability of the latency of the potential 
complex as a whole with respect to stimulus onset. Comparing the 
latencies of the peaks II e and Ve with II and V respectively, we found 
a significant shift for the contralateral parameters, with a "delay" 
of 0.4 to 0.5 ms. The IPLD С-ЦС Is almost equal to the IPLD V-II, 
both at term date, and after 3 months (Table VI, I). 
The interpeak latency differences of the composite group averages, 
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TABLE VI. II: COMPARISON Of ABR LATENCIES 
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Means and standard errors of the mean of the differences (birth minus 
3 months) with respect to latency values for peaks I, II, III, V 
(ipsilateral to stimulation;) IIe, V e (contralateral to stimulation); 
interpeak latency difference values II-I, III-I, V-I, III-II, V-II, 
V-III, Vc-Iic and ipsilateral-contralateral latency differences 
Il-Iic V-Vc and (II-V)-(IIC-VC)· N = number of infants showing the 
parameters both after right and left ear stimulation; ρ = the testing 
results obtained by applying paired Studentes t-tests. 
obtained after synchronisation of the individual records on peak I are 
tabulated in Table VI, I. 
Generally these values do not deviate much from the calculated latency 
differences of the present study. The two approaches probably do not 
yield important systematically different results. Both smaller and 
larger differences were found. 
VI.5 DISCUSSION 
In studies on the ABR properties in newborns, little attention has 
been paid to the records obtained from the side contralateral to 
stimulation. For the neuraudiological application a multichannel 
recording offers more information. A normative study should, 
therefore, contain such data. 
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Furthermore, in view of the differences in the various protocols used 
(Appendix: Table VI, III), one needs to establish one's own reference 
values. Reporting of such values contributes to a "data bank" from 
which consensus can grow towards a more uniform approach. 
In the choice of the ABR parameters we stressed the use of the inter-
peak latency differences (the IPLDs), as they are less variable than 
the latencies themselves and equally applicable in the assessment of 
the brainstem transmission of auditory stimuli. An acceptable hearing 
level and appropriate function of middle ear and cochlea should be 
confirmed by a proper intensity series. 
The waveform we observed in the newborns and infants at 3 months of 
age was in agreement with the descriptions of Salamy et al. 
(1975),Salamy 4 McKean (1976) and Stockard 4 Westmoreland (1981). We 
did not observe any distinct differences between the parameters 
obtained after stimulation at the right ear and at the left ear. Peak 
III is often hard to detect in the newborn registrations. Using the 
contralateral record for comparison, we were able to measure peak III 
in 21 of the 25 newborns. Salamy (1976) reported a 50S detectability 
for peak III in newborns. From the б^ 1"1 week on, peak II and III 
differentiated independently, and after 3 months the adult waveforms 
have been reached. This is also obvious in Fig. VI, 1. The variability 
of the response decreased with increasing age. Waveform changes 
reflected development of synaptic and dendritic properties, whereas 
latency values reflected mainly myelination. Therefore, recognition of 
age appropriate waveform variations is important. 
In contrast to Salamy et al. (1979) and Gafni et al. (1980), we did 
not find significant amplitude changes over the age span studied, 
except for peak Ve, nor the amplitude ratio parameter V/I show 
any significant change. With decreasing intensity the separation of 
the various ABR components became less distinct. Expectedly, peak V 
remained the longest consistent. In newborns as well as in the infants 
at 3 months, the threshold often showed a left-right asymmetry 
(Fig.VI, 1). Usually this proved to be transient. The influence of 
stimulus variations, and change in stimulation rate or in recording 
parameters on the waveform have not been examined in this study. 
The results of the latency values are compared with those reported by 
others (Appendix: Table VI, III). The major protocol differences are 
mentioned as well. We consider those to be the major reason for the 
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differences in the data. A review of Stockard et al. (1978) summarized 
the effects of various factors on the latency values, such as the 
effects of condensation or rarefaction mode of stimulation, which is 
more pronounced in newborns than in adults. Reversing click polarity 
resulted in a variability of 0.6 ms in the IPLD V-I. Increasing the 
low frequency filter setting results in a decrease in the latencies 
and in the voltage of peak V (Stockard et al., 1979; Laukli 4 Маіг, 
1981). In the appendix a variability in the reported latency values of 
peak I from 1.59 ms - 2.95 ms at term and from 1.A9 - 2.84 ms at 3 
months is shown. The IPLDs V-I vary from 4.70 to 5.30 ms at term, and 
from 4.16 to 5.03 ms at 3 months. Thus the IPLDs appear a more stable 
parameter than the latency values themselves. Methods of the analysis 
of the ABR parameters also contribute to the reported differences. 
Peak I, for example, often shows a bifid form. It reflects largely the 
VIII nerve potential which is composed of two peaks, la and lb, 
generated probably by fast and slow conducting fibre populations 
(Eggermont 4 Odenthal, 1974; Miller et al., 1981). We chose in such 
cases the middle of the (la-lb) complex. Choosing peak la decreases 
the latency and increases the IPLD V-I. 
Our findings with respect to the age dependent latency changes are 
compatible with those reported by others. The ipsi- and contralateral 
records showed an equal central conduction V-I I and Vc-Iic. But a 
significant V-II "total wave" shift occurred contralaterally compared 
to the ipsilateral records at term and at 3 months. In adults this has 
been described and debated extensively by Rosenhamer 4 Holmkvist 
(1982). They compiled from various studies the results concerning the 
differences between the ipsilateral and the contralateral ABR to 
monaural stimulation in adults. Agreement exists about the absence of 
peak I and a latency lag of peak V. The lack of sufficient knowledge 
about the generators which contribute to these differences makes a 
neurophysiological interpretation speculative. The change in the IPLDs 
as a function of age occurs essentially in the III-II IPLD. The IPLD 
II-I and V-III do not show significant latency changes between term 
and 3 months of age. This has been noted by Mochizuki et al. (1982) as 
well. Thus the greatest latency change after birth until 3 months 
occurs between the level of the cochlear nuclei and the superior 
olivary complex, the major generators of peaks II and III. 
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COMPARATIVE SURVEY: MEANS AND STANDARD DEVIATIONS 
OF ABR LATENCIES AT TERM DATE AND 3 MONTHS OF AGE. 
Теги (Τ) 






























































































































1.67 2.78 5.60 3.93 
±0.14 ±0.16 ±0.19 
cl 2.87 5.73 





60 dB SL, 
mask cl 
30 dB; BP 
100-3000 Hz 




Comparative survey of the means and the standard deviation of the peak 
latency values (I,II,V), the interpeak latency differences (V-I, V-II) at 






















60 dB nHL, 33.3/s, 
BP 100-3000 Hz 
55 dB SL, 15/s, alt. 
clicks 50 ps, binaur-
ally 65 dB, 8-12/s, 
BP 100-3000 Hz, 
binaurally 70 dB, 
10/s, Masking 40 dB 
80 dB HL, 20/s 
60 dB, 10/s 
75 dB, lO-20/з, BP 
250-5000 Hz, alt. 
clicks 60 dB η HL, 
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120 dB SPL, 20/s, 
BP 250-3200 Hz 9/s 
80 dB, 10/s, 
BP 250-1600 Hz 
1.70 2.88 6.45 4.72 3.57 0.37 60 dB nHL, 15/s, 
±0.27 ±0.31 ±0.33 BP 100-3000 Hz, bi­
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90 dB nHL, 
20/s, alt. 
125 μ3 clicks 
90 dB, BP 
300-3000 Hz 
respect to the values of the latency parameters obtained ipsilateral (il) 
and contralateral (cl) to stimulation. Unless denoted with "il" or "cl" 
the values are obtained ipsilaterally to stimulation. The major protocol 
differences are also tabulated. 
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C H A R T E R VII 
THE CENTRAL AUDITORY CONDUCTION AT TERM DATE AND THREE MONTHS AFTER 
BIRTH: III. Middle latency responses (M-Rs). 
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VII.l ABSTRACT 
Middle latency responses (MLRs) were obtained in 25 healthy newborns 
with a follow up recording at 3 months in all but 3. A 4 channel 
recording provided topographic information. Linkage of the ear 
references reduced the myogenic contamination of the recordings. PO 
and Na proved to be the most consistent components in the sinusoidal 
MLR wave sequence. Topographic differences suggest a generation of PO 
and Na contralateral to stimulation. A significant latency decrease 
was found for PO and Na between term and 3 months. The most important 
latency and amplitude changes may occur before term date and 
immediately thereafter. Since the MLRs are the link between the 
auditory brainstem responses (ABRs) and the auditory cortical 
responses (ACRs), it may be posible to use them for recordings in 
newborn infants. They provide information about the generation of 
stimulus propagation between the brainstem and the cortical auditory 
areas. 
VII.2 INTRODUCTION 
The middle latency responses (MLRs) have found only limited applica-
tion, especially in newborns, compared with the auditory brainstem 
responses and also to some extent the cortical responses, even though 
Geisler et al. reported on the human scalp derived MLRs as long ago as 
1958. The developmental properties are to some extent described in 
prematures and term newborns (Engel, 1971; McRandle et al., 1974; 
Mendel et al., 1977; Wolf 4 Goldstein, 1978; Mendelson A Salamy, 
(1981). Clinical application was limited primarily to the detection of 
the hearing threshold and to the obtaining of frequency specific 
audiometrie information by using various stimulus modes such as 
clicks, tone pips, tone bursts and filtered clicks, as recently 
reviewed by Davis (1976), Mendel (1980), Mendel (1982) and Zonneveldt 
et al., (1983). 
The dispute about the myogenic versus neurogenic origin of the MLRs, 
initiated by Bickford et al. (1964) has not yet been resolved. Studies 
in animals, patients and normal subjects using multiple scalp 
electrodes and intracranial recordings have accumulated data which 
support the contemporary view that the MLRs consist of both myogenic 
and neurogenic components. 
Fig. VII, 2c shows the denominations of the different MLR components. 
MLRs elicited during muscle paralysis show a consistent SN-10 (Fria et 
el., 1984), Pa (Kileny et al., 1983) and a waveform similar to that 
obtained without muscle paralysis (Marker et al., 1977). Simple 
relaxation of the patients together with a moderate stimulation 
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intensity results in a discrimination between sonomotor and neurogenic 
response components (Mast, 1965). 
Using a multiple coronal electrode array, Cohen (1982) found a 
reversal for Pa at the level of the Sylvian fissure, suggestive of a 
dipole source in the superior temporal plane. Animal experiments 
showed a generator site of Pa in the anterior part of the 
contralateral primary auditory cortex (Kaga et al., 1980). Buchwald et 
al. (1981) localized the source of Pa in the medial rostral midbrain 
reticular formation projection to the thalamus and for PO in the 
primary auditory area. As source, a parallel rather than a serial 
auditory propagating system from the brainstem to several forebrain 
systems was postulated. 
Intracranial recordings in humans show a similarity between surface 
and cortically obtained records (Ruhm 4 Walker, 1967), although 
discrepancy has been reported as well (Celesia, 1968). Goff et al. 
(1977) postulated a subcortical positivity at 12 ms and cortical 
positivity at 25 ms. Hashimoto (1982) attributes N0, PO and Na or the 
SN 10 to postsynaptic activity from the inferior colliculi. 
Patients with known lesions add arguments to the generation discussion 
on the MLRs as well. Parving et al. (1980) observed a normal Pa in a 
patient with auditory agnosia due to a temporal lobe lesion. Kraus et 
al. (1982) found normal Na and Pa components in patients with 
unilateral temporal lobe lesions and an abolition or amplitude 
reduction in patients with bitemporal lobe lesions. This was also 
noted by özdamar et al. (1982). 
Furthermore, the correlation between developmental changes in wave-
forms and the maturation of neuroanatomical structures might offer 
additional arguments in this dispute. For this reason, the development 
of the components should be well delineated. 
The MLRs are the link between the ABRs and ACRs in the auditory 
propagation and are, therefore, also of importance in the analysis of 
the quality of the auditory afference. For audiometrie purposes the 
MLRs seem less useful than the Jewett V or SN 10 (Davis et al., 1983). 
The purpose of this paper is to report on waveform properties, latency 
and amplitude values in healthy control infants at term date and 3 
months thereafter. They served as a control group for a longitudinal 
study in premature infants. Coronal topographic characteristics and 
developmental changes have been analysed. 
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VII.3 MATERIAL AND fCTHODS 
In a study on auditory evoked response (AR) properties in preterm and 
healthy mature infants, we applied ABRs, MLRs and ACRs serially in one 
procedure, using a Nicolet CA-1000 in combination with a Nicolet 
DC-2000 floppy disc unit. This report concerns the results of the MLRs 
in the control group, consisting of 25 healthy term newborns with a 
follow up at 3 months. The gestational age was 39 to 41 weeks (term). 
At 3 months, 2 babies were not brought to their follow-up. One failed 
a MLR because of technical problems. The registration was performed 
1-5 days after birth. The AR protocol, the test conditions and 
instrumentation and the subject characteristics have been described 
previously (Rotteveel et al, 1985 a). The MLRs were elicited by 256 or 
512 positive 1 ms 70 dB regular positive (rarefaction) clicks. The 
zero dB setting of the Nicolet CA 1000 corresponds to 30 dB SPL. The 
bandpass used was 5-250 Hz. 
Changing the stimulation rate from 4.5 to 4.7 clicks/s diminished the 
influence of the mains interference. The analysis time was 100 ms, 
including а 25л prestimulus period. The stimuli were delivered via TDH 
pediatric headphones monaurally to the right ear (AD) and the left ear 
(AS) subsequently. The test was performed twice to test the 
reproducibility. It was preferred that the infants were asleep, though 
this was not a prerequisite for further testing or analysis. The scalp 
electrodes were positioned at Cz, at Al and A2 preauricularly and at 
C3' and 04' (half the distance Cz to Al or A2 respectively), and the 
grounding was positioned at Fz, according to the 10-20 system (Fig. 
IV, 3). The polarity was so chosen that an upward deflection would 
reflect positivity. The impedance was kept below 2 kOhm. Coupling the 
reference electrodes Al to A2 resulted in a decrease in myogenic 
contamination. The disadvantage is the uncertainty about potential 
artefact origin, if present. The derivations applied in the MLR 
recordings were Cz-A1A2, СЗ'-АМг, C4'-A1A2 and, to visualize 
differences between stimulated versus non stimulated side, C4'-C3,. 
The records were analysed by visual inspection using the duplo 
traces and their summation and the comparison with the group averages, 
obtained by summation of the individual records of the control 
infants. Individual peaks and troughs were measured at the middle of 
the waveform to be determined. The landmark in the analysis of the 
separate records is Na (Goldstein 4 Rodman, 1967; Kupperman, 1980). 
The preceeding positivity is labelled P0 and the subsequent peaks and 
troughs Pa, Nb, Pb, Ne, Pc and Nd, according the labelling in the 
composite group averages (Fig. VII, 1 с). The triphasic wave in the 
C4I-C3I derivation (NPN and PNP) was analysed in the latency domain of 
P0. The components were labelled PO' and N0' respectively. The latency 
and amplitude values were measured using a cursor on the display 
screen (Nicolet PII by floppy discs from the DC-2000/CA-1000 combina­
tion) . 
Amplitudes were measured with respect to the baseline voltage and the 
latencies from the onset of the stimulus. The MLR parameters measured 
related to the above mentioned peaks and troughs. 
For practical purposes we chose PO, Na, Nb, Ne and Nd for further 
analysis. Furthermore, attention has been paid to interpeak latency 
differences (IPLDs) within the MLR complex to judge intra complex 
changes as a function of increasing age. Mean values, standard 
deviations or standard errors of the mean of the parameters and of the 
IPLDs were computed. Location dependent differences (topographic 
differences) were examined for term and 3 months values separately. 
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Two-way analyses oF variance (mixed model) were carried out, where the 
Fixed Factor consisted oF the 3 mean derivations: 1/2 {(Cz-A1A2)AD + 
(Cz-A1A2)AS}, 1/2 {(C3 '-АІАгЭАЗ + (СЬ,-ЬЫ2)И0}, 1/2 {(C3 ,-AlA2)AD + 
(C4'-A1A2)A5}. Only inFants with complete observations were admitted. 
These tests are valid if compound symmetry has been accepted For the 
variances and covariances with respect to the three mean derivations. 
Additional simultaneous tests were applied according to the multiple 
comparison method oF ScheFFé (1959), to examine the pairwise 
diFFerences between the mean derivations. Analogous approximate 
analyses with respect to all children, i.e. including inFants with 
incomplete observations, led to almost the same results. Consequently, 
the results oF the inFants with complete observations will be 
mentioned. 
Latency and amplitude diFFerences between right and leFt ear stimula-
tion regarding the СЛ'-СЗ' derivation have been studied by means oF 
paired Student's t-tests. Moreover, a two-way analysis oF variance 
(mixed model) has been carried out to compare the mean latencies 
between the mean (C4'-C3') derivation and the three mean derivations 
mentioned above with respect to corresponding PO' peaks. Next, 
diFFerences between the values at term date compared with the 3 month 
values were examined, also using paired Student's t-tests. The 
computations were carried out by means oF the SAS program package. 
VII.» RESULTS 
VII.4.1 Wavefora 
The waveForms oF middle latency responses at term and 3 months are 
depicted in Fig.VII, 1. The various components studied are denominated 
in Fig.VII, 1c: PO, PO', Na, Pa, Nb, Pb, Ne, Pc and Nd. In the 
individual records, the components are discernible to varying degrees 
(Appendix: Table VII, IV). For some detectable peak and troughs, the 
amplitude values have not been tabulated because oF underlying 
artiFact voltages. For Further analysis, the components PO, Na, Nb, Ne 
and Nd were chosen as well as the interpeak latency diFFerences Na-PO, 
Nc-Na and Nd-Na in order to judge the intra complex latency and 
amplitude diFFerences. 
PO and Na are the most discrete components with respect to the signal 
to noise ratio. Nb, Nc and Nd are identiFiable in about 50% oF the 
records, obtained aFter right and leFt ear stimulation and are, 
thereFore, suitable only For developmental studies. 
The C4'-C3I derivation shows a triphasic waveForm. Because the contra­
lateral trace is obtained without reversing the derivation polarity, 
the positive PO' at the trace after right ear stimulation is similar 
to the NO' in the trace after left ear stimulation. They are seen in 
about 90% of the inFants at term date and at 3 months. 
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70 dB, 2 » 512 pos 999 us clicks 1 0 m s / t l i v 
BP 5-250 Hz. Rate Λ 7/s 
Fig.VII, 1: Middle latency auditory responses obtained in a represent­
ative newborn (T) with a follow-up at 3 months (3M) after right ear 
(AD) and left ear (AS) stimulation. The upper records (a) show the 
duplo traces registered at Cz-A1A2, C4 ' -C3 ', C4'-A1A2 and СЗ'-АМг. 
The СА'-СЗ' derivation obtained after AD or AS stimulation is not 
reversed in grid after changing the side of stimulation. Subsequently, 
the С^'-СЗ' traces show reversed curves; (b) consists of the summation 
of the duplo records. The group averages, composed from the summation 
of the individual records of all infants, and the denomination of the 
various peaks and troughs are depicted in (c). 
PO' and NO' are often recognizable in the derivations from the vertex 
and the central temporal areas to the linked ears as a small bump in 
the downhill slope after PO with a mean latency from 11.0 - 11.5 ms in 
term infants and 10.5 - 10.9 ms at 3 months. This was recognized 
in about half of the records. About 25!8 of the infants showed a small 
positive deflection in the trough of Na. In view of the time domain we 
called this deflection PO 1 1, with a mean latency of about 15 - 17 ms 
at term and about 14 ms in 3 month old infants. In 3 month old infants 
in particular Nb showed a bifid trough, which we labelled Nb' and Nb. 
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In such cases the trough which was the most consistent with the 
composite average was chosen as Nb. Nb' consisted of a negative trough 
between Na and Nb, with a mean latency of about 21 ms. It was seen in 
about 25% of the infants at 3 months. The components PO' (derivations: 
vertex and central temporal to linked ears), P O " and Nb' are not 
analysed for topographic and age dependent properties in view of the 
restricted number of children showing the peak or trough. The most 
remarkable waveform difference between term and 3 months is Pa, which 
at term is scarcely detectable. 
VII.4.2 Amplitudes end latencies 
The amplitude and latency values of the various MLR parameters, 
obtained after right and left ear stimulation, did not show any 
significant differences. Consequently, the right and left values have 
been averaged. The means and the standard deviations of the amplitude 
and latency values are listed in Appendix: Table XII, IV for PO, Na, 
Nb, Ne, Nd and the interpeak latency differences Na-PO, Nc-Na and 
Nd-Na. PO and Na are the most consistent components at term date and 
three months. Pa becomes more apparent at 3 months, but is not 
analysed systematically. 
The influence of the topography of the derivations on the latency and 
amplitude values is summarized in Table VII, I. In term infants, PO 
and Nb show a significantly longer latency in the derivations from 
the vertex and central temporally ipsilateral to stimulation towards 
the linked ears, compared with contralateral stimulation. For PO, a 
significantly longer latency is found also for the ipsilateral 
derivation, compared with the derivation from the vertex. The 
significantly shorter latency value for Na-PO on the side ipsilateral 
to stimulation vis-b-vis contralateral to stimulation and to the 
derivation from the vertex is consistent with these findings. Also in 
3 month old infants, the PO latency is significantly longer in the 
derivations from the vertex and central temporally ipsilateral to 
stimulation, compared with contralateral to stimulation. 
Regarding the amplitude values, we found Na (nearly) significantly 
less negative, central temporally, ipsilateral to stimulation compared 
with the other derivations in term infants. At 3 months, this was the 
case for the ipsilateral and vertex derivation compared with the 
contralateral derivation. 
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N = number of infants showing the parameter at all three derivations 
to the linked ears after both AD and AS stimulation (complete 
observations). 
LI = 1/2 (Cz-A1A2)AS + (Cz-A1A2)AD : central derivation 
L2 = 1/2 (C3,-A1A2)AD + (C4,-A1A2)AS : contralateral derivation 
L3 = 1/2 (C3,-A1A2)AS + (C4'-A1A2)AD : ipsilateral derivation 
AD = right ear; AS = left ear. Τ = term date; 3M = three months; 
SE = pooled estimate for standard error of mean. 
*p = level of significance as a result of testing the overall hypo­
thesis of equality for the three mean derivations LI, L2 and L3 by 
a two-way analysis of variance (mixed model). 
**p = level of significance as a result of testing a location contrast 
hypothesis according to Scheffé (pairwise comparison of the mean 
derivations). 
Addition of the absolute amplitude values of P0 and Na also showed, in 
the term infants, a significantly lower voltage in the central temporal 
area ipsilateral to stimulation compared with the other derivations. 
The bipolar Cb'-d ' derivation has been analysed regarding the latency 
and amplitude of PO' after AD stimulation and of N0' after AS 
stimulation. As the derivation is not reversed by changing the side of 
stimulation In order to minimize the number of actions with the 
equipment during the procedure, P0' and N0' represent similar potentials 
with reversed polarity. No significant latency differences are found 
between the values after right and left ear stimulation for P0' and N0' 
at term date (p=0.52) and 3 months (p=0.66). The absolute amplitude 
after AS stimulation at term gives an indication (p=0.08) of being of 
higher voltage than after AD stimulation for P0'. This is not the case 
at 3 months (p=0.69). 
116 
TABLE VII, II; AGE DEPENDENT CHANGES IN MEAN MLR PARAMETERS AND IPLDs 
BETWEEN TERM AND 3 MONTH OLD INFANTS 
Latency decrease (T-3M) 
N Mean SE β 
(a) 
PO 11 0.7 0.3 0.05 
Na 17 2.7 0.5 < 0.001 
Na-PO 7 1.6 1.0 0.15 
(b) 
PO', NO' 13 1.0 0.3 0.003 
(a) Changes in the mean MLR latency (ms), amplitude (pV) and IPLD (ms) 
values for the mean of the three mean derivations: 
LI = 1/2 {(Cz-A1A2)AD + (Cz-A1A2)AS} ; L2 = 1/2 {(C3 ,-AlA2)AD + 
(C41-A1A2)AS} and L3 = 1/2 { (C3 '-АШЭАЗ + (C4,-A1A2)AD}. 
(b) The change In latency with respect to PO' and NO' for the mean 
derivation СА'-СЗ' after stimulation of AS and AD. 
For the remaining variables, (almost) all infants had missing obser­
vations. Τ = term date; 3M = three months; SE = standard error of the 
mean; ρ = level of significance according to Student's paired t-tests. 
With respect to the latency values of PO', no significant differences 
were found between the mean derivation 1/2 (СА'-СЗ'ЭАО + (СД'-СЗ'ЭАЗ 
and the three mean derivations referred to the linked ears, according 
to a two-way analysis of variance, either at term (p=0.85), or at 
3 months (p=0.B7). 
VII.4.3 Age dependency 
The changes In the MLR latency, amplitude and IPLD values from term to 
3 months apply to the mean of the 3 mean derivations (Table VII, II 
a). Because of the large number of infants without complete 
observations, this table does not contain all variables. Even with 
respect to the individual mean derivations, many infants had no 
complete paired observations. P0 and Na showed a significant latency 
decrease for the mean of the 3 mean derivations. This was also found 
in the 3 separate mean derivations (resp. p<0.03 and p< 0.001). 
A significant mean latency decrease was also found for Nc (vertex), 
and Nd (central temporal ipsi- and contralateral) of about 5 ms on the 
basis of 4 and 5 observations (p <0.03) and with respect to PO' or N0' 
for the mean derivation ^'-СЗ') (Table VII, II b). The IPLD Na-PO is 
Amplitude change (T-3M) 
N Mean SE g 
7 -0.12 0.10 0.25 
θ 0.50 0.22 0.05 
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significantly smaller after 3 months at the vertex (.p< 0.001) and 
central temporal, contralateral to stimulation (p=0.002), but not 
ipsilateral to stimulation (p=0.11), nor with respect to the mean of 
the 3 mean derivations (p=0.15). 
The only significant amplitude change with increasing age from term to 
3 months was found for Na. An absolute amplitude increase was 
established contralateral to stimulation (p=0.02) and for the mean 
value of the mean derivations (p=0.05). Ipsilateral to stimulation and 
at the vertex, this amplitude change for Na was nearly significant 
(p=0.07). For the later components, no obvious amplitude changes could 
be established between term date and 3 months. 
VII:5 DISCUSSION 
The MLRs in adults, and to a lesser extent also in young children, are 
reported to be remarkably stable and to be rather insensitive to 
changes in the state of vigilance and age, as reviewed recently by 
Mendel (19B0, 1982). 
The detectability of the different components of the MLRs in the 
infants of this study in the different derivations were about 75-100S 
for PO and Na. A percentage of about 70-85% was found for the complete 
observations. The detectability of the late MLR components Nb, Nc and 
Nd was smaller, i.e. approximately 50% in the individual derivations 
and about 35% for the complete derivations. Engel (1971) found a 
consistent MLR response in only 3 out of 24 Infants, but this was 
probably due to technical factors (McRandle et al., 1974) or the 
narrow bandpass as used (Mendel et al., 1977). McRandle et al. (1974) 
reported stability of the response in newborns and a similarity to the 
adult response. Mendel et al. (1977) reported PO, Na and Pa to be 
egually detectable as in adults, but Pb and Nc were often not seen. 
Also Wolf A Goldstein (1978) found little organized activity after 60 
ms and reported a remarkable asymmetry in the records. Using tone 
pips, he detected predominantly prominent Na and Pb components ipsi-
lateral to stimulation. The measurements were done by computation. 
Okitsu (1984) noted a smaller recognizability in infants from 4 
months up to 3 years for the components of the MLR beyond Na. Taking 
the side of stimulation into consideration, we did not find much 
difference in detectability between the different derivations at term. 
At 3 months, the detectability of almost all MLR components 
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ipsilateral to stimulation was smaller than in the other derivations, 
аз can be seen in Appendix: Table VII, IV. In term and 3 month old 
infants, the components are generally equally detectable. There is no 
argument for an increasing recognizability during these 3 months. 
Factors influencing the stability of the responses are numerous. The 
state of vigilance is reported to be of no influence (Mendel A 
Goldstein, 1969, 1971; Mendel, 1974). We did note, however, a 
considerable loss of recognizability in sleep, especially for Pa. We 
did not study this systematically. Okitsu (1984) reported the MLR 
components (except for PO and Na) to be less detectable in sleep in 
young infants. 
The influence of stimulation properties such as stimulus rate and 
stimulus intensity was not studied in our infants. The stimulation 
rate was changed from 4.5 to 4.7/з in view of the mains interference. 
Increasing stimulation intensity has been reported to result in a 
latency decrease and amplitude increase (Goldstein 4 Rodman 1967; 
Madell 4 Goldstein 1972; Thornton et al., 1977). McRandle et al., 
(1974) found a number of 256 stimuli sufficient with a stimulation 
rate of 4.5/s and 512 stimuli with a rate of 9.0/s. We found the 
number of stimuli necessary for an identifiable response to be closely 
dependent on the state of vigilance. The averaging procedure should 
not have a negative influence on the records. Vivion et al., (1977) 
attributed the lower voltage during the averaging procedure to the 
decrease in the electrophysiological background activity. In this 
study, we often noticed a waxing and waning of MLR components during 
the averaging procedure. Whether this could be due to changes in the 
state of sleep or vigilance remains to be ascertained. 
Another variable is the stimulus used. We chose the click as common 
stimulus for the ABR, MLR and ACR. According to Davis et al., (1984), 
the appropriate click duration for MLRs is determined by the temporal 
integration, which is about 15 ms. In our observation, the click 
duration of 1 ms proved to be more effective than 0.1 ms. We found no 
reason to increase the click duration. 
From the variability of the different MLR components, we concluded 
that PO and Na constitute a better landmark in the analysis of the 
wave complexes than does Pa, as advocated by Mendel (1982). The 
coefficient of variation for the latency values of the early 
components was about 10% (Appendix: Table VII, IV). 
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TABLE VII. Ill: COMPARATIVE SURVEY: MLR LATENCY VALUES (ms) IN TERM 
INFANTS 





















11.0 17.2 35.2 








512 clicks (2.5 ms), 55 dB, 
4.5-9.0/s, BP 20-125 Hz. 
Cz-Al; CZ-A2; C3-A1. 
toneburst (1000 Hz), 60 dB, 
BP 10-500 Hz, 25-175 Hz. 
Cz-Ml; CZ-M2. 
41 68 tone pips (1000 Hz, 3 ms), 
(Nb) (Nc) 50 dB, BP 25-75 Hz. 
Cz-Al; CzA2. 
clicl<s(20 ps, 60 dB, 9.7/з, 
BP 20-175 Hz, binaurally. 
Cz-Al. 
8.4 8.7 28.6 48.3 67.1 Cz-A1A2 (see Methods), 
±0.6 ±1.5 ±2.4 ±2.0 ±1.5 average AD + AS. 
Means and standard deviations of the latency values of some MLR 
components in term infants. Where the nomenclature differs, the symbol 
as used by the author has been placed in parentheses. 
For the late components, this variation was less than 10S. A comparat­
ive survey of the latency values in several studies is given in Table 
VII, III. The protocol differences are large and some of these are 
tabulated as well. Also the nomenclature differs in the different 
studies, especially for the late MLR components. Observations from 
more laboratories need to accumulate in order to arrive at a more 
uniformly applied technique. 
The values of the composite group averages which are tabulated in 
Appendix; Table VII, IV do not differ substantially from those 
calculated. Averaging therefore offers a method of approximation of 
waveform and latency reach for the components in EP complexes to be 
studied. Some of the topographically determined differences in latency 
and amplitude values in this study differ from those reported by 
others. P0 shows a shorter latency at term and at 3 months 
contralateral to stimulation. Some consider P0 to be similar to Jewett 
V (Kupperman, 1980; Mendelson 4 Salamy, 1981). However, the latency 
difference for P0 is opposite to the one observed for Jewett V 
(Rotteveel et al., 1986). Consequently, not only the bandpass should 
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account for the latency difference between PO and Jewett V, as 
suggested by Mendelson 4 Salamy, (1981). Nb also showed a shorter 
latency in term infanta contralateral to stimulation. How this 
correlates to the evolution of the neuroanatomical crossing auditory 
pathways remains an important issue to be resolved. Though the 
amplitude variation for the individual parameters is considerable, 
significant differences could be found between the derivations used. A 
(nearly) significantly smaller amplitude was found for Na at term and 
3 months ipsilateral to stimulation vis-b-vis contralaterally. This 
was also seen in term infants for the total of the absolute amplitudes 
for Na and PO. Combining these latency and amplitude differences does 
suggest a generation of these components contralateral to 
stimulation. These observations contradict those of Goldstein 4 Wolf 
(1978), who reported shorter latencies and higher amplitudes 
ipsilateral to stimulation. The topographic differences in latency and 
amplitude reflect the orientation of the derivations, such as applied, 
towards the generation site. For a more detailed analysis, a multi-
electrode array should be used. A study over a longer time period 
might reveal the ontogenesis of the generation in the auditory 
afference i.e. the MLR time domain. 
Latency and amplitude differences between infants and adults have been 
studied by Mendel et al. (1977) and Mendelson 4 Salamy (1981). Mendel 
noted barely significant changes between young infants and adults. 
Mendelson reported a significant latency decrease for PO between 
infancy and adulthood. Na declined in latency, but not significantly. 
Nb and Nc appeared remarkably stable. We found for the period of 3 
months a latency decrease for PO and Na In all derivations, more for 
Na than for PO. The IPLD Na-PO showed a significant decrease at the 
vertex and contralateral to stimulation in the central-temporal 
derivation. This suggests that the main developmental changes occur in 
the pre- and perinatal period, as we observed in preterm infants. Na 
showed, as an individual component, a significant or nearly 
significant amplitude increase. The bipolar derivation С^-СЗ' showed 
a latency decrease for PO' and NO'. 
It can be concluded that PO and Na, being the most reliable 
identifiable components, also show the developmental characteristics 
most prominently between term date and 3 months. Probably, the latency 
changes in the later components Nc and Nd must be attributed mainly to 
the changes occurring in the PO-Na time domain. 
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APPENDIX; TABLE VII, IV; MEANS AND STANDARD DEVIATIONS OF MLR PARAMETER VALUES AND IPLDs FOR THE DIFFERENT 














































































































































































































Means and standard deviations of the latency and amplitude values of the MLR and IPLDs obtained in 25 healthy 
newborns with a follow-up in 22 of them at 3 months; only values identified after both AD and AS stimulation 
are tabulated. 
N = number of infants showing the parameters after both AD and AS stimulation 
Τ = term date; 3M = 3 months 
LI = 1/2 {(Cz -A1A2) AS + (Cz-A1A2) AD} : central derivation 
L2 = 1/2 {(C3'-A1A2) AD + (C4I-A1A2) AS} : central-temporal derivation contralateral to stimulation 
L3 = 1/2 {(СЗ'-АМг) AS + (C4'-A1A2) AD} : central-temporal derivation ipsilateral to stimulation 
AD = right ear; AS = left ear; Gr.Av. = composite group average values obtained by summation and 
averaging of all the separate records of the infants. 
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VIIIil ABSTRACT 
Auditory cortical responses (ACRs) were recorded in 25 healthy mature 
newborns with a follow-up at 3 months. 
The waveform, latencies and amplitudes for the ACRs for this time 
period are studied. Topographic differences between the central and 
central temporal derivations and changes between term and 3 months are 
found with respect to latencies and amplitudes for different peaks and 
troughs. 
The ACRs, obtained as a part of a protocol covering the entire 
auditory afference, offer consistent parameters, which can be used to 
study developmental neurophysiological properties of audition and 
which are potential diagnostic tools for the detection of deviant 
sensory or mental development. 
VIII:2 INTRODUCTION 
Since Dawson (1947) described the summation and averaging technique by 
means of photographic superimposition, and Abe (1954) applied the 
method to analyse auditory evoked EEG activity, interest and research 
in evoked potential technology has grown exponentially. Goodman et 
al. (1964) applied ACRs in the case of newborns using an electronic 
computer and described the resulting late components as a multiphasic 
wave complex. The influence of stimulus intensity was studied for 
audiometrie purposes. Later, several ACR studies in prematures and 
newborns were reported, focusing mainly on the late components 
(Appendix: Table Vili, VII). The protocols differed considerably. 
The method found acceptance predominantly by audiologists for the 
detection of hearing in non-cooperative subjects. The ABRs, introduced 
in the 1970s, proved more useful for this purpose, though ACRs can be 
elicited in the absence of ABRs (Satuya Murti et al., 19Θ3). The 
Information with respect to the neuraudiologlcal questions regarding 
the quality of the central processing of (auditory) information 
obtained with the ABRs remains limited to the brainstem. 
The MLRs and the ACRs are generated at and above the level of the 
mesencephalon and are, therefore, of interest for neuraudiology. Rapin 
A Schimmel (1977), reviewing extensive experience, concluded that ACRs 
are suitable to inform about the perceptual aspects of audition, 
rather than to use for the detection of the hearing threshold. This 
was particularly because of the unfavourable signal/noise ratio in 
ACRs. 
The ACRs have been applied sparingly in newborns and Infants for 
clinical purposes. Barnet et al. (1978) reported persisting 
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abnormalities in ACRs in infants with marasmus, also after treatment. 
Watanabe et al. (1981) found a close correlation between a favourable 
outcome and normal ACRs in newborns with intracranial haemorrhage. 
The purpose of this study was to search for the properties of the ACRs 
in a healthy control group of newborns with a follow-up at 3 months in 
a protocol covering the entire auditory afference (ABR, MLR and ACR ; 
together the BMC AR protocol). The procedure should be easily 
accessible and be performed at the bedside within an acceptable time 
span. The recording conditions, therefore, are not ideal with respect 
to control of the state of vigilance and surrounding noise. The 
waveform, the latency and amplitude values and their dependency on 
topographic derivation and conceptional age as well as factors 
contributing to their variability are discussed. 
VIII;3 MATERIALS AND HITHODS: 
Twentyfive healthy newborns were examined with BMC ARs with a 
follow-up at 3 months of age for all but two. The BMC AR protocol, 
test conditions, test parameters and a delineation of the subjects 
have been described previously (Rotteveel et al., 19Θ5). 
The ACRs were elicited by 1 ms rarefaction 70 dB (100 dB peak 
equivalent 5PL) clicks at an irregular rate with an average frequency 
of 0.5/s. The upper limit of the stimulus duration was determined by 
the click generator used in the protocol. Depending on the signal to 
noise ratio, 64 or 128 stimuli were delivered by TDH-39P headphones 
binaurally. The bandpass was 1-30 Hz. The analysis time was 1000 ms 
including 25й prestimulus time. The scalp electrodes were positioned 
at Cz, C3' and C4' (half the distance Cz to the preauricular sites), 
as illustrated in Fig. VIII, 1. The reference electrodes were located 
preauricularly at Al and A2, grounding at Fz. The derivations used 
were Cz-A2, Cz-Al, СА'-Аг and СЗ'-А!, according to the 10-20 system. 
It was preferred that the ACRs were obtained with the infants awake, 
but in actual fact they were recorded in states of wakefulness and 
transitional sleep. 
The records were analysed by visual inspection using the duplo 
records, by summation of those, and by comparison with the group 
averages, obtained by summation of the individual records of the 
infants. The latencies from stimulus onset and the amplitudes (peak-
baseline) were measured in the summated duplo records with a digital 
cursor on the display screen. The point of intersection of the 
extended slopes of the different waves were measured. The nomenclature 
applied is adapted to the one used by others (Table VIII, VI; Appendix 
II) and, where necessary, extended. 
Mean values, standard deviations and standard errors of the mean of 
the parameters and the intracomplex latency differences were 
computed. Equality of latency and amplitudes for the derivations, as 
used, were examined by two-way analyses of variance (mixed model). 
Only infants with complete observations were admitted, which implies 
that the parameter is present in all four derivations. 
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These statistical tests are valid if compound symmetry has been 
assumed for the variance and covariances with respect to the values of 
the 4 derivations. Additional simultaneous tests were applied 
according to the multiple comparison method of Scheffé (1959) to 
further analyse the differences between the separate locations. 
Analogous approximate analyses, with respect to all infants, including 
those with incomplete observations, led to almost the same results. 
Consequently, only the results from infants with complete observations 
are presented. Age dependent differences were examined by paired 
Student's t-tests. The computations were carried out with the SAS 
program package. 
VIII:A RESULTS 
VIII.4.1 Иа еГогі 




Fig.VIII, 1(a): Duplex traces 
of the recording of the audi-
tory cortical response of a 
representative normal healthy 
newborn at term (T) with a 
follow up at 3 months (3M) 
after bilateral stimulation 
(st) at 23% of the analysis 
time (1000 m s ) ; (b) summation 
of the duplex recording in (a) 
with denomination of the sub-
sequent peaks and troughs; (c) 
composite group averages of 
the control newborns at term 
date and at 3 month of age. 
The different central and 
central temporal derivations 
are denoted in (a). 
70 dB 2x64 pos 999 us clicks 
BP І-ЗО Hz Rate 0 5 / s random 
—»100 ms/ 
The ACR waveform in a representative healthy newborn with a follow-up 
at 3 months is depicted in Fig. VIII, 1 a, and a summation of the 
duplo records in Fig. VIII, 1 b. The group average served as a 
template for the visual inspection of the separate records (Fig.VIII, 
1c). The duplo records illustrate the stability of the waveform during 
the recording session. From the template, we distinguished between the 
primary and secondary complex. 
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The former consists of faster waves of lower voltage, while the latter 
consists of slower waves of higher voltage. In the primary complex the 
following peaks and troughs were recognized fairly consistently at 
term: Na, Pb, N1; at 3 months: Ne, Pb, Ne, N1. 
In the secondary complex the following components were studied: P2, 
PI', N2, P3, N3, and P4. Furthermore, we studied latency differences 
between these components, the interpeak latency differences (IPLDs). 
In the infants the changes in waveform appeared to be the most 
characteristic features to be taken into account. The waveform changes 
are location dependent. At term, the temporal central derivations 
(СЗ'-А! and С -Аг) show a wave sequence which is often harder to 
define than the central derivations (C2-A1 and Cz-A2). The peaks Pb 
and PI are often fused and P2 is often composed of the components P2 
and P2 1. At 3 months P2 and P2' are usually fused and PbNl separated. 
VIII.4.2 Recognizability 
The ACR parameters at the different locations from which the parame­
ters are derived could be distinguished for 20 to almost 100%. The 
most consistent peaks and troughs are Na, P2, N2, P3 and N3. At term, 
Nc and PI are hardly detectable. Peak P2 ' occurs most frequently at 
the central temporal locations in term infants, but only in half of 
them. The peaks and troughs are equally detectable in the traces 
obtained from Cz-Al compared with Cz-A2. This is also the case for 
СЗ'-А! vis-è-vis СА'-Аг. 
Comparing the detectability between the central and central temporal 
areas, N1, P2, N2, P3, and P4 are more often recognized at Cz than at 
C3' and C4 , (Appendix: Table VIII, V; columns N). For some detectable 
peaks and troughs, no amplitude value was measured, because of the 
presence of artifacts of high voltage. 
The peaks and troughs are more often simultaneously present in all 
four derivations (complete observations) at 3 months than term, except 
for N3 and P4 (Appendix: Table VIII, V; columns N'). 
Na and Pb are almost equally completely recorded in term and 3 
month old infants. Complete major late peaks at term date occur in 
50-80ÍÍ. Nc and PI occur in about 50% at all four locations at 3 
months. 
VIII.4.3 Latency paraaeters 
Means and standard deviations of the individual derivations for the 
129 
TABLE VIII, I: MEANS AND SDs OF ГНЕ INTERPEAK LATENCY DIFfERENCES 









16 36 ± 13 
20 181 ± 22 
20 406 ± 48 
23 224 ± 44 
21 424 ± 39 
3M 
N Mean±SD 
17 19 ± 5 
19 161 ± 20 
16 364 ± 52 
19 203 ± 50 




15 40 ± 16 
16 182 ± 22 
15 397 ± 50 
12 208 ± 50 
16 424 ± 48 
3M 
N Mean±SD 
18 19 ± 5 
18 155 ±19 
15 368 ±53 
18 213 ±46 
13 429 ±61 
Means of interpeak latency differences and standard deviations (ms) 
for infants at term date (T) and 3 months (3M) of age obtained at the 
derivations Cz-Al and СЗ'-А!. 
latency values of the ACRs at term and 3 months are given in Appendix: 
Table VIII, V. The coefficients of variation with respect to the 
primary complex are approximately 20%, and for the secondary complex 
about 10S. The composite group average values (Appendix: Table VIII, 
V., Gr.Av.) do not differ much from the calculated means. 
VIII.4.4 Amplitude parameters 
The means and standard deviations of the individual derivations for 
the amplitude values of the ACRs at term and 3 months are also given 
in the Appendix. The large variation is an important feature of the 
results. The noise in the traces, presumably from the spontaneous on­
going EEG activity and the myogenic activity, has a considerable 
influence. Furthermore, factors which could not be controlled, such as 
baseline shift, were sometimes obvious. The most consistent amplitude 
value appears to be P2, which generally has a standard deviation less 
than the amplitude value itself. In spite of this variability, 
significant differences between the different derivations could be 
found for various amplitudes. 
VIII.4.5 Interpeak Latency Differences (IPLDs) 
The IPLDs selected for further analysis are Pb-Na, P2-Ne, P3-Na, P3-P2 
and P4-P2. These IPLDs cover the primary and secondary complex in the 
analysis of changes over time of the different parts of the ACRs. No 
important differences were observed between the values obtained from 
the 4 different derivations. The means of the IPLDs obtained at Cz-Al 
and СЗ'-А! are tabulated (Table VIII, I). 
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TABLE VIII, lit TOPOGRAPHIC DIFFÉRENCES OF THE ACR 
PARAMETERS AND INTERLATENCIES 
p* p** 
Age N' Topographic Difference 
(Inter) 
latency (ma) Τ 
Pb 15 0.07 
N2 16 0.06 
P4 19 0.10 
ЗМ 
ЗМ 
P2 21 0.04 (Cz-Al) >(C4,-A2) (0.07) 
P2-Na 17 0.006 (Cz-Al) >(C4,-A2) (0.02) 
(Cz-Al) >(C3,-A1) (0.08) 
















(Cz-Al) <(C4,-A2) (0.05) 
(Cz-Al) >(C3,-A1) (0.01) 
(Cz-Al) >(C4,-A2) (0.05) 
(Cz-A2) >(C3,-A1) (0.003) 
(Cz-A2) >(C4,-A1) (0.01) 
-(Cz-A2) ^(СЗ'-А!) (0.03) 
-(Cz-Al) >-(C3,-Al) (0.003) 
-(Cz-A2) ^(СЗ'-А!) (0.002) 
-(C4,-A2)>-(C3,-A1) (0.04) 
N2 18 0.02 -(Cz-A2) <-(C3,-Al) (0.04) 
N3 13 0.03 -{(Cz-A2)+(C4'-A2)}> 
-{(Cz-Al)+(C3,-Al)} (0.03) 
Significant testing results about differences between the derivations 
both in term (T) and 3 months (3M) old infants with respect to the 
latencies, IPLDs and amplitudes. N' = number of infants with complete 
observations. 
p* = level of significance as a result of testing the overall 
hypothesis of equal location means by a two-way analysis of 
variance (mixed model). Only p* values <0.10 are given. 
p** = level of significance as a result of telting a location contrast 
hypothesis according to Scheffé (See methods). Only p** values 
<0.10 are given. 
VIII.4.6 Topographic properties 
Two-way analyses of variance have been used, with the infant аз a 
random factor and the derivation as a fixed factor, in order to test 
the equality of the mean values for the 4 derivations Cz-Al, Cz-A2, 
СЗ'-А! and C4I-A2. This analysis has been applied to all variables as 
surveyed in Appendix: Table VIII, I except for Nc, PI and P2 '. Only 
infants with complete observations for a variable have been admitted. 
If an analysis of variance led to rejection of the overall hypothesis 
of equality, it was followed by pairwise comparisons of the 
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TABLE VIII, III: AGE DEPENDENT CHANGES OF THE MEAN ACR LATENCIES 
AND IPLDs AVERAGED OVER THE FOUR DERIVATIONS 
BETWEEN TERM DATE AND 3 MONTHS 
ACR LATENCY DECREASE (ms) 
T-3M 

























































20 ± 6 
28 ± 6 
60 * 28 






-28 ± 23 0.30 
Means and standard errors of the mean for the developmental changes 
in the mean latency values and IPLDs between term (T) and 3 months 
(3M), averaged over the four derivations In infants with complete 
observations. N' = number of infants with complete observations at 
term and three months, ρ = testing results obtained by applying the 
Student's paired t-test. 
derivations and comparison of the mean of both left derivations 
according to Scheffé"s simultaneous testing method. The significant (p 
<0.05) and nearly significant (0.05< p< 0.10) results are tabulated in 
Table VIII, II. 
Except for P2 and the IPLD P2-Na at 3 months, no definite latency 
differences could be established between the four derivations. A 
significantly longer latency was found for P2 at Cz-AI than at Cb'-Al 
and nearly significantly longer than at СЭ'-А!. Significant amplitude 
differences were found more frequently. Pb at term date was more 
positive at C4,-A2 than at Cz-AI. P2 at term date showed a greater 
positivity in the central areas than central temporal. N2 at term Is 
more negative at Cz-A2 than at СЗ'-А!. However, after 3 months a more 
negative voltage is found at СЗ'-А! than at Cz-A2. At term, N3 Is less 
negative at СЗ'-А! than at Cz-AI, Cz-A2 or C4,-A2. At 3 months, N3 is 
more negative for the combined right derivations than for the combined 
left derivations. 
VIII.4.7 Developoental differences 









37 * 5 
22 ± 5 
(MV) 
0.3 * 0.7 
0.8 * 0.5 
-0.2 ± 0.4 







TABLE Vili, IV: AGE DEPENDENT CHANGES OF THE ACR PARAMETERS 
FROM THE MEAN CENTRAL AND CENTRAL TEMPORAL 
DERIVATIONS BETWEEN TERM AND 3 MONTHS. 
ACR Parameter 
N' Mean A SEM ρ-va lue 
(a) 1/2 (Cz-Al) -i- (CZ-A2) 








(b) 1/2 (СЗ'-А!) Η- (C4'-A2) 
(Inter)latency decrease Т-ЗМ (ms) 
Р2 13 39 ± 5 < 0.001 
P2-Na 10 29 ± б < 0.001 
Amplitude change Т-ЗМ (pV) 
Pb 9 0.6 ± 0.6 0.34 
P2 12 -1.3 ± 0.5 0.02 
N2 9 1.4 * 0.5 0.02 
N3 7 -0.5 ± 0.6 0.39 
Means and standerd errors of the mean for the developmental changes in 
the mean latency and IPLD values and amplitude values of the central 
and the central temporal derivations between term (T) and 3 months 
(3M) in infants (N') with complete observations. ρ = testing result 
according to the Student's paired t-test. 
studied after averaging over the four derivations. No significant 
differences could be found for the amplitude measurements. The latency 
measurements, however, resulted in (nearly) significant decreases, 
except for N3 (Table VIII, III). Because for some parameters 
differences between the derivations have been established, the 
influence of age on these parameters has also been studied for 
different combinations of two derivations. In the combined central 
derivations P2 and N2 did not show significant amplitude changes 
between term and 3 months, in contrast to the findings at the combined 
central temporal derivations (Table VIII, IV). P2 showed there a 
significantly higher voltage and N2 proved to be more negative at 3 
months. The latencies for P2 at both the combined central and central 
temprare! derivations were significantly decreased, as also was the 
average of all derivations. 
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The component N3 showed no significant amplitude difference between 
term and 3 months, if taken separately for the combined right or left 
sided derivations (p=0.56). The IPLDs showed a significantly shorter 
latency for Pb-Na and P2-Na averaged over the 4 derivations (Table 
VIII, III). The greatest decrease occurs in the first part of the 
primary complex. Other IPLDs such as P3-P2 and P4-P2 did not show 
significant latency changes. According to Table VIII, IV, a 
significant IPLD decrease was also found for P2-Na at both the 
combined central and combined central temporal derivations. 
VIII.5 DISCUSSION 
The above results of the ACRs, obtained in newborns and 3 month old 
infants both in wakefulness and in transitional sleep in a rigid 
protocol at the bedside, show consistency in waveform, latency and 
amplitude values. This makes the test useful to define developmental 
trends in hearing. For the clinical application however, reproducibil­
ity and reliability of the various parameter values are required. For 
this reason, the most stable ACR peaks and troughs need to be 
identified with tests which are uniformly applicable. 
VIII.5.1 Test paraweters and testing conditions 
The stimulus applied was a click, as the click is more effective in 
obtaining positive results than pure tones, and testing with clicks is 
less time consuming (Engel, 1971). The click, being a square wave 
stimulus, contains frequencies appropriate to stimulate the full 
extent of the basilar membrane, which is the determining factor for 
the reactivity to external stimuli in neonates (Lenard et al., 1969). 
The duration of the click, I ms, proved more effective than clicks of 
shorter duration. In adults, stimuli of even 200 ms are advocated for 
audiometrie purposes (Rose et al., 1969). The derivations used in the 
protocol were referred from the vertex and the central temporal areas 
to the ipsilateral preauricular sites. The reference electrodes were 
placed there for practical reasons and for comparison with most 
studies in newborns, although Wolpaw 4 Wood (19Θ2) showed that those 
sites were electrically not completely silent for the ACRs. The 
recording of the ACRs in this study occurred during mixed wake and 
transitional sleep states, in spite of the short stimulation runs. 
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Various studies on the influence of sleep stages on the ACRs have been 
reported. Differences in latency were not found for the various 
components comparing a mixed sleep with a quiet sleep sample (Barnet 
et al., 1975). The detectabllity of the components Is decreased In 
active sleep stage (Ellingson et al., 1974, Barnet et al., 1975). 
Significant intra-individual decreases of latency and amplitude are 
found, particularly for the late components in active sleep in 
relation to the wakeful state. The inter-individual variation, 
however, is such that the sleep stage influence Is submerged in that 
variability (Weitzman 4 Kremen, 1965; Hrbek et al., 1969, Monod 4 
Garma, 1971; Ellingson et al., 1974). Akiyama et al. (1969) did not 
observe any sleep stage determined interindividual significant latency 
difference, but he found higher voltages in quiet sleep than in active 
sleep. In view of these observations we did not separate the results 
for sleep and wakefulness, since the waking state is similar in 
response characteristics to active sleep. 
We could not control the influence of EEG activity during the 
recordings. Graziani et al. (1974) found no significant relationships 
between the amplitudes of the N1P2 components and the voltage of the 
background of the EEG. Barnet et al. (1975), however, postulated an 
influence of the EEG background voltage on the late components. It 
appears that the decrease in AR variability with age occurs with the 
collateral changes in the spontaneous EEG morphology in this age group 
as an expression of common electrophysiological maturational 
denominators. 
VIII.5.2 Waveform and Nomenclature 
The waveform at term is transitional from the premature towards the 
mature waveform (own observation). The adult waveform has been reached 
by 4 months of age (Engel, 1969). The transitional waveform can also 
be noted from the differences in shape at the central vis-à-vis the 
central temporal derivations (Fig. VIII, 1). In the central temporal 
areas, P2 is lower in voltage and bifid, and is preceded by Pb and PI 
which are still fused. That P2 and N2 can be double peaked, was noted 
by Davis & Onishi (1969), and fits well the multiple source theory for 
the late components. The central derivation from the vertex shows the 
early and the late components, with P2 being the most remarkable 
peak. 
135 
P2 becomes the hallmark in the analysis of the waveform at term date 
(Weitzman 4 Graziani, 1968), in the medial as well as in the lateral 
arrays. Most authors advocate P2N2 as the landmark when examining the 
ACR in newborns. The nomenclature remains far from uniform in the 
various studies, except for peak P2. We called N2 the negativity after 
P2. This trough, N2, precedes the next positivity, called P3, 
subsequently followed by N3 and P4. In many newborns, P3 Is little 
more than a slow rise from N2 towards the baseline. In the primary 
complex we called the first small negativity after stimulation Na. 
This shallow trough is clearly recognizable in the composite group 
average. The negativity preceding P2 was called N1, often present as a 
dimple in the upward slope of P2 but easily identified in the 4 
derivations. The P-N-P deflections between Na and P2 were called Pb, 
Nc and PI respectively. In term infants usually only Na, Pb and N1 
could be recognized. 
VIII.5.3 ACR generation 
Most interesting is the question about the brain areas where the peaks 
and troughs are generated in order to form the anatomical-functional 
link. This knowledge is far from settled. Determination of the site of 
origin has been carried out using the field potential theory by 
empirically comparing scalp and intracranially recorded evoked 
activity. In a review of previous work and his own findings, Goff 
(1978) separated the myogenic end neurogenic components of the ARs in 
adults. Myogenic activity over the different areas of the scalp could 
be found during the first 90 ms after stimulation dispersed between 
the neurogenic activity. The neurogenic vertex potential N115-P180 
occurred maximally at the vertex. The P100-N200 components were 
attributed to the temporal lobe and might well be modality specific, 
though usually overpowered by the vertex potential. In this respect, 
it is noteworthy that in prematures and term infants, long latency 
components are present even before vertex potentials can be 
seen in the spontaneous EEG. Wood 4 Wolpaw (1982) attribute the 
components in the 20-60 ms time domain to the primary auditory cortex 
in the superior temporal plane. The 60-250 ms time domain contained 
components from multiple sources from different brain regions. 
In prematures and young infants those issues are even more uncertain 
in view of the differential development of the central nervous system. 
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Vili.5.4. ACR paraaeter functions 
Several studies on components of the ACRs In newborns with respect to 
the latency values are summarized In Appendix: Table VIII, VI. In 
spite of protocol differences, also tabulated to some extent, those 
values are relatively concordant. Amplitudes have not been compared 
because of the differences in measuring. Some measure from peak to 
peak and others from peak to baseline. 
Topographic differences of the ACRs over the human newborn scalp have 
scarcely been studied at all. Weitzman & Graziarli (1968) noted a 
latency difference In the midline recordings, comparing the anterior 
with the posterior derivations. In our study, comparing the vertex 
with the central temporal area, we found significant latency 
differences only in 3 month old infants for P2 (Table VIII, II). The 
amplitudes showed more significant differences determined by the 
derivation used, especially for the late components. This might be 
due to the more favorable signal to noise ratio for the late 
components. In general, the voltages In term infants are more positive 
for P2 and negative for N2 and N3 at the vertex. Worth noting Is N2, 
which at 3 months Is less negative at the vertex. The only significant 
left/right difference was found for N3 at 3 months, which proved to be 
more negative on the right side. Whether this is of any significance 
for subsequent neurophysiological development remains to be 
determined. Systematic study of topographical properties of the 
different response parameters at different age levels in the 
developing central nervous system might adduce arguments for the 
generation site of individual components. Tor that purpose, a 
longitudinal study in prematures Is warranted. The numbers of elec-
trodes In this study, however, remained rather limited for extensive 
topographic analysis (Fig.IV, 3). furthermore, in view of the small 
numbers of complete observations for the different ACR variables and 
IPLDs available for testing, it might well be that topographic 
differences do exist, but which we could not prove. 
In the study for age dependent latency and amplitude changes, we found 
for all components, except for N3 and P4, a significant latency 
decrease. Amplitude differences were found only, when the central 
temporal and vertex derivations were studied separately. An amplitude 
Increase for P2 and N2 occurred in the central temporal derivations. 
The latency changes occur differentially, as is shown by the 
differences in IPLD changes. 
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The major latency decrease in the 3 month period studied occurs in the 
primary complex in the Pb-Na interpeak distance, though Barnet et al. 
(1975) did not find latency changes in the primary complex for this 
time period. 
The components in the primary complex are myogenic and neurogenic from 
primary cortical and subcortical origin (Goff, 1978). Therefore, it 
appears that the changes in the maturation of the central conduction 
take place subcortically and in the primary cortex. At the same time 
the Pb-Na IPLD decreases in latency, the late components develop their 
adult waveform concurrently. 
From our results, we conclude that the detectabillty of the various 
ACR components in infants is suitable for studying developmental 
trends if multiple recording sites are used and if a composite group 
average is available for the visual inspection of the wave 
components. However, in view of the undetectabillty In 1O-208Í of the 
recordings for most parameters, caution In the Interpretation of the 
results Is warranted In the clinical application. Furthermore, one 
should be aware of the possibility of false positives which for 
patients might be disadvantageous (Rapin 4 Schimmel, 1977). This makes 
the ACRs more suitable for studies on the perceptual aspects of 
audition than for the determination of the hearing threshold. For that 
purpose, the subcortical brainstem potentials are more effective. 
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APPENDIX; TABLE VIII. V; ACR LATENCY AND AMPLITUDE VALUES ± SD AT 















































































































































































































































Mean latency and amplitude values with standard deviations of the ACRs 
in term (T) and 3 months (3M) old infants. The values are tabulated 
according to the derivations Cz-Al, Cz-A2, СЗ'-А! and C4,-A2. 
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N = number of Infants showing the parameter at each individual 
derivation. N'r number of infants showing the latency values in all 
four derivations (complete observations). Gr.Av. = composite group 
average values of the ACRs obtained by summation of the individual 
records of the infants. 
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APPENDIX: TABLE Vili, VI: COMPARATIVE SURVEY FOR RANGES OR THE MEANS AND SDs OF ACR LATENCY PARAMETERS 
CA Latencies (ma) 
N weeks State Pb Nc PI 
Methods 
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107*32 172*31 239*25 321*46 
218 477 
183 505 
114*34 221 479 
222 441 
(N2) 
140*27 209*22 347*56 511*42 
114*17 177*21 294*46 4'72*44 
Cz-01, 02; 20 clicks 
0.25/8, 60 dB, adult nHL 
Cz-Al, A2; random 50 clicks 
1, 0.5, 0.3/з; 72 dB SPL 
Cz-F, 0, Τ; 70-120 pos. 
3 ms random clicks; 0.2/s 
103 dB SPL 
Cz-Al,A2; random 100 ms 
pure tones 1000 Hz; 0.13/s; 
lOOdB SPL 
Cz-Al,A2; earphones; 2.5 ms 
64 clicks; 1,0.5/s; 55 dB 
adult nHL; BP 1-12 Hz 
Cz-M1,M2; 100 clicks 0.4/s; 
108dB SPL; BP 1-75 Hz 
See methods. 
Appendix:VIII, V (Cz-Al) 
Comparative survey of ACR latency parameters In different studies in newborns. Symbols used: N = number of 
infants; CA = conceptional age; Sleep states: QS = quiet sleep; AS = active sleep; S = undetermined sleep; 
W = wake state. Latency values: The components in the various studies are adapted to the nomenclature used 
in this report; the original symbols are given in parentheses. 
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IX:1_ ABSTRACT 
Brainstem and middle latency auditory evoked responses were obtained 
sequentially in 49 preterm infants until three months post term date. 
In addition, the records of 16 preterm infants, obtained at different 
conceptional age levels, were included. The recording of these 
responses was performed in one procedure, together with auditory 
cortical evoked responses. The infants were divided into 5 groups 
according to their gestational age, i.e. the term at birth. 
Composite group averages were determined, showing the group stable 
components of the 5 gestational age groups at 8 different conceptional 
age levels, i.e. term at the time of the recording. The intra group 
stable components could thus be determined for further study of 
developmental trends in the responses. The group averages also serve 
as a reference in the visual analysis of the individual records. 
The averaged ABRs showed that with increasing conceptional age 
increasingly better identifiable wave forms were obtained. These were 
particularly outstanding for peaks I and V ipsilateral to stimulation, 
and peaks IIe and Ve contralateral to stimulation. This enabled the 
measurement of the central conduction times. The MLRs were especially 
remarkable for their latency changes which occurred in peak PO and the 
troughs Na and Nb. The results indicated that the conduction of the 
subcortical auditory afferent signals can be measured successfully in 
groups of very premature infants with ABRs and MLRs. 
IX:2 INTRODUCTION 
The clinical application of auditory evoked responses in preterm 
infants requires a precise definition of the maturational aspects over 
a period of time which shows a remarkable peripheral and central 
evolution. Auditory evoked responses consist of a sequence of 
electrical potential peaks and throughs, which are generated at 
various levels of the central auditory pathways. A distinction has 
been made between the brainstem auditory evoked response (ABR), 
appearing in the first 10 ms after stimulation, the middle latency 
auditory response (MLR), occurring in the 100 ms time domain after 
stimulation, and finally, in the following 900 ms, the cortical 
auditory potentials (ACR). Taking these potentials together, the BMC 
ARs cover the entire auditory afference. We have developed a protocol 
for measuring BMC ARs within a reasonable time span at the bedside. 
The maturation of ABRs in preterm infants has been studied 
extensively, partly to study hearing quality and to diagnose hearing 
deficits in infants (Schulman-Galambos 4 Galembos, 1975 and 1979; 
Galambos 4 Oespland, 1980; Cox et al., 1981; Mjííen et al., 1982; 
Roberts et al., 1982; Stein et al., 1983; Shannon et al., 1984; 
Bradford et al., 1985), and partly to identify infants with brainstem 
dysfunction (Despland 4 Galambos, 1980; Fawer 4 Dubowitz, 1982; 
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Stockard et al., 1983). The protocols used by these investigators, 
differed substantially from each other, and were often limited in the 
number of parameters studied. 
Different ABR characteristics have also been studied as a measure for 
neurological maturation (Starr et al., 1977; Despland 4 Galembos, 
1980; Salamy et al., 1980, Salamy et al., 1982, Salamy et al., 1985). 
Only very limited attention has been paid, however, to the maturation 
of the ABR contralateral to stimulation (Salamy et al., 1985). To 
avoid false positive abnormalities, serial recording in preterm 
infants is advocated in view of the many transient waveform, amplitude 
and latency variations which can be noted in preterm infants 
(Goldstein et al., 1979; Stockard et al., 1983; Krumholz et al., 1985; 
Salamy et al., 1985). 
The maturation of MLRs has not been studied systematically in preterm 
infants. Yet, the preterm period might still be of great interest in 
view of the stability of the response from childhood to adulthood. 
The object of this communication is to report the characteristics of 
composite group averages in 5 groups of preterm infants of different 
gestational ages. The stable components of the brainstem and middle 
latency "group-ARs" were identified and discussed in regard to both 
waveform, latency and amplitude. The group averages served as a 
reference In the visual analysis of the individual records from which 
the statistical evaluation has been made concerning development and 
topography. These will be reported in subsequent papers. 
In order to study the Influence of the degree of prematurity on the 
maturation of the responses, the preterm infants were divided into 5 
subgroups of different gestational age. 
IX:3 >CTH0DS 
IX.3.1 Subjects 
Eighty one infants of different gestational ages participated in this 
study. The gestational age (GA), or the term at birth, varied from 25 
to 34 weeks. The term was determined by the last menstruation date of 
the mother. In some doubtful cases the complete Dubowitz Newborn 
Maturation Scale was used (Dubowitz et al., 1970). The premature 
infants were tested biweekly, if clinically warranted, until their 
discharge home or back to the referring hospital. The final recording 
was performed at 3 months after term date. 
All the infants required intensive care for a variety of conditions 
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related to the prematurity. Sixteen of the 81 infants were excluded 
from this study because of structural hemorrhagic, hypoxic, 
infectious, or dysgenetic brain damage. The infants accepted for the 
study did not show clear signs of neurological dysfunctions. Of the 65 
infants in this study, 13 infants produced an incomplete set of 
recordings. Three of these died soon after birth because of 
etiological factors outside the nervous system. The remaining ten 
infants belonged to a "pilot" infants group who were examined once at 
different CA levels. In 46 of the remaining 49 infants, a set with a 
recording at 3 months was achieved. One infant failed at three months 
because of bronchopulmonary dysplasia. Two infants with complete 
intensive care and follow-up, did not show up at 3 months. According 
to their gestational age, the infants were classified into 5 groups: 
I, 25-27 weeks (n=14)s II, 28-29 weeks (n=10); III, 30 weeks (n=ll); 
IV, 31-32 weeks (n=19) and V, 33-34 weeks (n=ll). The BMC AR recording 
sessions were performed at 8 conceptional age levels: 1, (25-27 
weeks); 2, (28-29 weeks); 3, (30-31 weeks); 4, (32-33 weeks); 5, 
(34-35 weeks); 6, (36-37 weeks); 7, (38-41 weeks) and 10, (50-52 weeks 
C.A.). The number "10" is taken for the last CA level to illustrate 
the relatively large gap in the registration sequence. The number of 
recordings per infant varied from 1 to 7. 
The initial tests were performed as soon as the clinical condition was 
stable enough to do so. The early records were often obtained with the 
infants on a respirator, in oxygen boxes or while receiving 
phototherapy. 
Ultrasound transfontanellar echo encephalography was performed on all 
infants in the first days of life and before discharge. This was done 
in order to determine the anatomical condition of the CNS and to rule 
out structural brainlesions. Each BMC AR recording was accompanied by 
a neurological examination of the infant according to Dubowitz 
(Dubowitz 4 Dubowitz, 1981). An EEG was performed on each infant at 
least once before discharge from the intensive care unit. The same BMC 
AR procedure was performed in 25 healthy mature newborns, also with a 
follow-up at three months of age (Rotteveel et al., 1985). The echo 
encéphalographie, electro encéphalographie and neurological findings 
will be reported separately from the evoked responses. 
IX.3.2 Test conditions 
The BMC AR tests were performed in the Intensive Care Unit for 
Prematures. The infants were in their isolette or open crib, depending 
on the respective patients needs. In the newborns on the respirator or 
receiving phototherapy, the tests were performed only if the 
neonatologist in charge considered the clinical condition to be stable 
enough. Earphones rested over both ears, attenuating background noise 
from the isolette. This varied from 30 to 70 dB SPL (Douek et 
el.,1976). At term date and 3 months thereafter, the tests were 
performed in a quiet room on the pediatric EEG unit. Sedation, to 
suppress the movement artifacts, was not applied. At 3 months, the 
infants were occasionally too restless to have the complete test in a 
bassinet. In the arms of the mother they were more prone to quiescence 
and sleep, especially if they were fed immediately prior to performing 
the test. The monaural left and right MLRs and ABRs were recorded 
preferentially in a sleeping state. The state of vigilance of the 
prematures often changed rapidly, and the records actually obtained 
were mainly in a "transitional" state. The intensity series was 
subsequently performed, once at the left and right ear respectively at 
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80, 50, 40 and 30 dB. The tests at 70 dB were performed at least twice 
to test reproducibility. The measurements were performed on the sum of 
the duplicate records. Usually the whole sequence was completed within 
90 minutes, including the ACRs. In order to preserve the simplicity in 
the test protocol, simultaneous EEC recordings were not obtained. 
The babies were, however, continuously observed by the technician to 
note the state of vigilance characteristics. This, the state of 
vigilance, was not taken into account in the determination of the 
composite group averages. 
IX.3.3 Instrumentation and test parameters 
All BMC AR recordings were obtained with a standard clinical evoked 
potential device, the Nicolet CA 1000 unit, with the Nicolet DC 2000 
floppy disc unit. The data were transferred to a Nicolet Pathfinder II 
EP unit for subseguential analysis. Miniature silver chloride EEG 
electrodes were attached to the prepared skin with collodion glue, at 
Cz, CVand СЗ' (half the distance Cz-A2 and Cz-Al; Fig.IV, 3). The 
reference electrodes, Al and A2, were placed preauricularly and the 
ground electrode at Fz, according the 10-20 system (Jasper, 1958). The 
impedance across any two electrodes was kept below 2 kOhm. 
Occasionally, in order to shorten the total time of the procedure, 
bentonite was used to attach the electrodes. The test parameters are 
summarized in Table IV, II. The positive (rarefaction) click stimuli 
were generated by a Nicolet 1001 A click stimulator and were 
delivered, mon- or binaurally, by means of THO-39P headphones. The 
zero dB setting on the CA-1000 corresponded to a peak eguivalent SPL 
of 30 dB. The responses were amplified 10* times by a HGA-200 
physiological amplifier. Electrical and myogenic interference could 
not always be avoided, particularly during the MLR recordings. 
Changing the stimulation rate into 4.7/s decreased the mains 
interference. 
To judge the signal to noise ratio, 25!S of the total analysis time was 
used as prestimulus time during all the tests. In the first months of 
the study the analysis time for the ABR was 16 ms. In view of the 
latency of the ABR components it proved more effective to extend the 
analysis time to 20 ms. For the composite group averaging procedure, 
all records had to be transformed to 16 ms. An artefact reject mode 
scanned each individual sweep for voltages exceeding a preset value. 
This did not include the first 2 ms of the sweep. The polarity was 
chosen so that an upward deflection in all tests reflected positivity. 
IX.3.4 Analysis 
The composite group average recordings were obtained by summation of 
the indivual records of the infants on the Pathfinder II. The ABR 
group averaging required specific manupulation because of the 
variability of the peak I latency from stimulus onset. We chose for 
the group averages for peaks I (80,. 70, 50 cB) and for peak V (40, 30 
db) as the points of reference in the individual records to be summed 
over, instead of the stimulus itself. The result was a stable central 
conduction V-I configuration, but a scattered stimulus artifact. The 
determination of peaks I and V was obtained by a visual analysis of 
the individual recordings. Here for the determination of the 
ipsilateral peaks 1 and V, the contralateral and intensity series 
records were used for comparison. If no peak I or V could be 
identified, the record was omitted from the group averaging 
procedure. 
150 
The measurements in the ABR group average recordings concerned the 
interpeak latency differences (IPLDs) V-I and V-II ipsilateral to 
stimulation, с.цс (с _ contralateral to stimulation), and the 
amplitude ratio V/I. 
The group averages of the MLRs were obtained by simple summation of 
the individual records. The latencies of peak PO and trough Na were 
measured with respect to the stimulus onset. The amplitudes were 
measured by taking the highest or lowest voltage in the peak or 
trough. Peaks or troughs without discrete points for measurement were 
determined by extending the upward and the downward deflections. The 
point of intersection was taken as the point of measurement. 
IX:4 RESULTS 
IX.4.1 Auditory brainstem responses 
The composite group averages of the the ABR tests at 70 dB ipsilateral 
and contralateral to stimulation, and the intensity series for the 
relevant intensities are depicted in Fig.IX, 1. The traces are the 
group averages obtained at the 8 CA levels up to 3 months post term 
date in group I (25-27 weeks GA ). 
The broad cluster of stimulus artifacts is the result of the 
synchronisation procedure. Fig.IX, 2 depicts a survey of the group 
averages in all 5 groups. From the composite group averages it 
appeared that the ABR waveform ipsilateral to stimulation was 
initially determined by a P-N-P or positive-negative-positive 
composition. The first broad positivity reflected peak I and II 
activity, while the second positivity probably peak IV, V and VI 
activity. The negativity subsequent to peak I and II was consistent at 
the different CA levels. With a certain amount of reserve one might 
say that, given the ABR group summation procedure, peaks I and V and 
the negative trough appeared to be the most stable elements, whilst 
peaks II, III and IV appeared to be the least stable. The central 
conduction, the IPLD V-I, could be determined from 30 weeks onwards. 
Peaks II and VI were often detectable as a notch on the downward 
slopes of peaks I and V respectively. In the traces contralateral to 
stimulation, peaks II e and IIIe were often fused in a bifid form. 
Subsequently, a low voltage peak IVe could be seen within the 
negativity following peeks II e and IIIe, and preceding the peaks V e 
and VI e. The contralateral IPLD V e - H e becomes identifiable between 2B 
and 32 weeks CA. The mean values for the IPLDs V-I, V-II and Vc_nc 
and the anplitude ratio V/I from the group averages, obtained in the 
151 
70 dB 
0 0 7 / J V I 




Fig.IX, 1: The composite group average ABRs of gestational age group I 
at 8 conceptional age levels, ipsi- and contralateral to stimulation. 
The group averages of the intensity series, obtained ipsilateral to 
stimulation, is depicted at the right of the figure. The scatter of 
the stimulation artifact is a result of the synchronisation procedure 
of the records usingpeak I as reference. At 34-37 weeks only a few 
infants were accessible for testing because of being discharged from 
the ICUP back to the referring hospitals. The records obtained after 
both AD and AS stimulation are summed (see methods). Unidentifiable 
records were omitted. 
CA= conceptional age; AD= right ear; AS= left ear; i.l.= ipsilateral 
to stimulation; c.l.= contralateral to stimulation; N= number of 
infants; N'= number of records used for the averaging procedure. 
Peaks I to V are denominated in the records at 3 months post term. 
5 gestational age groups at the different conceptional age levels, are 
tabulated in Table IX, I. From Table IX, I, it appears that the 
central conduction decreases in latency from about 6.3 ms at 28-29 
weeks to 4.6 ms at 3 months. The central conduction V-II was less 
clearly identifiable ipsilateral than contralateral to stimulation, 
and thus less consistent. Until about 37 weeks CA the IPLD Vc_iic 
showed somewhat longer latencies contralaterally than ipsilaterally, 
the significance of which remains to be determined. The amplitude 
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SURVEY OF THE AAR COMPOSITE GROUP AVERAGES IN PRETERM INFANTS UP TO 52 WEEKS CA (ADS), 
ipsi- and contralateral to stimulation. 
I I I I I I I I I I 
M 16 ms 
Fig.IX, 2: The Roman numerals refer to the gestational age groups: I, 25-27 weeks; II, 28-29 weeks; III, 30 
weeks; IV, 31-32 weeks; and V, 33-34 weeks gestational age. The conceptional age levels at the time of the 
recordings are depicted at the left side of the survey. The number of infants (N) and the number of records 
(N') ipsilateral (i.l.) and contralateral (c.l.) to stimulation are printed between the ipsi- and 
contralateral recordings. The denomination of the peaks is shown in Fig.IX, 1. 
TABLE IX, I: AMPLITUDE RATIO AND INTERPEAK LATENCY DIFFERENCES: 
ABR composite group averages 25-52 weeks CA 
IPLD(ms) Aiylitude(pV) 

















































































Means and standard deviations of the ABR composite group averages 
IPLDs (interpeek latency differences) and the amplitude ratio V/I of 
the 5 gestational age groups, at 8 conceptional levels. 
CA = conceptional age; N = number of infants; N' = number of records 
averaged for the composite curves; η = number of available composite 
curves at the different CA levels. If less group averages are 
calculated than indicated by "n", the actual number is placed between 
brackets. ? = not identifiable. 
* calculated means and SD of the individual records of the infants in 
the mature control group. 
ratio V/I showed a consistent increase with increasing CA. The 
intensity series, derived only ipsilateral to stimulation, showed 
recognizable responses at 70 and 80 dB until 32-33 weeks CA. There­
after, group averages were obtained at 40 dB and higher. The survey of 
the ABR composite group averages (Fig.IX, 2) did not show important 
differences between the 5 groups of preterm infants. Prematurity as 
such does not appear to influence the ABR maturation. In a subseguent 
paper on the study of the individual records this will be elaborated. 
IX.4.2 Middle latency auditory responses 
The MLRs were obtained monaurally from both the right and the left 
ear. The traces were derived from the central vertex and central 
temporal areas. In addition, one derivation between the left and right 
central temporal area was applied to detect hemispherical asymmetries 
(CЗ I-C4 ,)• In Fig.IX, 3 only the traces from Cz-A1A2 are depicted for 
the various conceptional age levels as averaged for GA group I (25-27 
weeks GA ). 
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Fig.IX, 3: The MLR composite 
group averages of gestational 
age group I at 8 conceptional 
age levels after monaural 
stimulation (AD = right ear). 
The records obtained with the 
vertex derivation are depicted 
here. The denomination of the 
components is also shown. The 
symbols used are the same as 
those in Fig. IX, 1. 
The survey of the MLRs, covering all 4 derivations at 8 conceptional 
age levels for the 5 GA groups is shown in Fig. IX, 4 after AD 
stimulation. The results after AS stimulation were similar. Here the 
most persistent complex components found are PO and Na. 
In the composite group averages, and especially in the individual 
records, the subsequent components Pa, Nb, Nc and Nd could hardly be 
recognized. Usually they were of too low voltage to be useful for 
extensive analysis. Peak PO sometimes had a broad structure. It was 
also sometimes sharply defined with a preceding negativity NO. This 
increased the variability in the measurements. The subsequent 
negativity, Na, could not always be defined very precisely. Na was, to 
some degree, dependent on the state of vigilance. During the recording 
one could observe the waxing and waning of Na occurring during the 
changes in the state of activity. Myogenic activity in the Na to Pa 
timedomain accentuated the negative shape of Na. 
Further, changes in latency and amplitude were clearly observable from 
the serial composite group averages at the various conceptional age 
levels. The latency measurements of the composite group averages of 
the 5 GA groups are summarized in Table IX, II. The values were taken 
from the СЗ'-АМг and W-AIAZ leads ipsilateral to stimulation. 
Cz-^Aj AD N/N' 
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SURVEY OF THE M.R COMPOSITE GROUP AVERAGES IN PRETERM INFANTS UP TO 
52 WEEKS CA (AD) 
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Fig.IX, 4: The MLR composite group averages obtained after stimulation 
of the right ear (AD). The symbols used are similar to the ones in 
Fig. IX, 2. The 4 derivations as applied are depicted in the left 
upper record, а: СЗ'-АШ; Ь: C4,-A1A2; c: C4 ,-C3 ,; d: Cz-A1A2. The 
analysis time of 100 ms includes a 25 ms prestimulus time. 
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TABLE IX, II; MEANS AND STANDARD DEVIATIONS OF THE LATENCY VALUES 
OF THE MLR COMPOSITE GROUP AVERAGES BETWEEN 25-52 





































14 ± 1 
13 ± 3 (3) 
10 ± 1 (7) 
10 ± 1 
9 ± 1 
10 * 1 
9 ± 1 
8 ± 0,4 
9 
9 ± 1* 
7 
8 ± 1* 
Ne 
28 ± 4 
27 ± 4 
22 ± 2 
21 ± 2 
20 ± 1 
20 ± 2 
19 ± 1 
16 ± 1 
18 
18 * 1 
14 










* 0 (2) 
± 4 (3) 
* 2 (2) 
± 2 (5) 
* 3 (6) 




The values are tabulated for the central temporal derivations 
ipsilateral to stimulation. The symbols are the same as those 
used in Table IX, I. 
In the MLRs, Na and Nb showed the largest latency decrease. The mean 
latency for Nb in the group averages showed a decrease from about 38 
ms at 32 weeks to 27 ms at 3 months. The bipolar derivation for 
Сз'-С^ showed a low voltage triphasic waveform, reflecting the 
differences between the two sides ipsi- and contralateral to 
stimulation. The most outstanding component after AD stimulation was 
called PO'. A similar asymmetry between C4 ,-C3 , was noted after AS 
stimulation. 
Both P0 and Na showed an amplitude increase (Table IX, III). There 
seemed to be a tendency for the P0 and Na amplitudes, contralateral to 
stimulation, to be higher than those ipsilateral to stimulation. This 
will be investigated further in the analyses of the individual 
recordings. 
IX:5 DISCUSSION 
The results showed that it was feasible to measure the subcortical 
central auditory afferent signals in one procedure in preterm 
infants. It has been found that the stability of both the ABRs and the 
MLRs, is sufficiently good as to enable us to acquire clear composite 
group averages in the different gestational age groups at the various 
conceptional age levels. 
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TABLE IX. Ill: MEANS AND STANDARD DEVIATIONS OF THE AMPLITUDE 
VALUES Of THE MLR GROUP AVERAGES IPSILATERAL 

































































The symbols used are the same as those used in Table IX, I 
IX.5.1 Nomenclature 
The nomenclature for the AR complex components in the preterm period 
is often tedious in view of the waveform changes which influence the 
latency and amplitude measures. In the choice of a label, a bias is 
included with respect to the ideas concerning the generation of the 
components. Labeling by latency values is confusing in view of the 
large latency changes which occur in the preterm period. 
Denomination of the preterm ABR components however, is feasible, by 
taking the order of the appearance of peaks I-VII in the adult records 
and interpolating retrogressively. The MLR components are not labeled 
uniformly in studies after term date except for N0, PO, Na, Pa. The 
study of Mendelson 4 Salamy (1981), regarding the MLR maturation by 
means of 4 groups of subjects including one group of 15 prematures, 
mentioned a component Nb. In this study Nb coincides in latency with 
positivities and negativities after identification of PO and Na 
retrogressively from the term records. 
IX.5.2 Developmental features 
The ABRs show a gradual appearance of the known peaks. The ABR 
ipsilateral to stimulation showed a recognizable complex from 25 weeks 
on. It comprised a positive-negative-positive complex (Fig.IX, 1). The 
threshold for the intensity series resulted in identifiable waveforms 
at 70 wid 80 dB from 25 to 33 weeks CA (Fig.IX, 2 ) , and a threshold 
down to 30 dB could be identified after 33 weeks CA. The quality was 
limited in the individual records because of the small number of 
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F ig.IX, 5: Latency decrease 
of the ABR IPLDs V-I, V-II 
and Vc-Iic of the composite 
group averages (Table IX, 
I). The conceptional age 
levels are numbered: 1, 
25-27 weeks; 2, 28-29 weeks; 
3, 30-31 weeks; 4, 32-33 
weeks; 5, 34-35 weeks; 6, 
36-37 weeks; 7, 38-41 weeks; 
10, 50-52 weeks CA. 
stimuli (nrlOOO), and the single recording, resulting in a poor signal 
to noise ratio. The 80 dB record, in the intensity series, proved 
useful in the identification of the different ABR peaks in the 70 dB 
tests. Peaks II e and Hie were in the "group ARs" less stable. Peaks 
IV and VI were the least stable. 
Starr et al. (1977) and Goldstein et al. (1979) reported a good 
stability for peak III in preterm infants. The IPLDs ipsilateral and 
contralateral to stimulation (V-I, V-II and С-ЦС) showed a latency 
decrease from 28 to 52 weeks CA (Fig.IX ,5). This was also noted by 
Starr et al., 1977 and Krumholz et al. (1985). Despland 4 Galembos 
(1980) contributed this latency decrease to central maturation, 
predominantly between 35 and 40 weeks CA. Further, they attributed the 
latency decrease before 35 weeks to peripheral maturation. In view of 
the synchronization procedure used to obtain the ABRs, we could not 
conclude from the composite group averages as to what degree the 
periphery contributed to the latency decrease compared to the central 
pathways. Comparing the V-I and V-II IPLDs ipsilateral to stimulation, 
it seemed that the greatest latency changes between peaks I and II 
occurred about 28 to 30 weeks CA (Fig. IX, 5). The VC-H C IPLD became 
identifiable at about 28-29 weeks CA; Salamy et al. (1985) rarely 
found a contralateral response before 34 weeks CA. 
It was noticeable that in some contralateral records, a volume 
conducted low voltage peak I could be seen in some composite group 
averages. As we had previously found in mature control infants, peaks 
II e and IIIC were usually fused. This has also been reported by Salamy 
I -Y О 
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Fig.IX, 6: The maturation 
of the V/I amplitude 
ratio of the ABR 
composite group ave­
rages. The values are 
those of Table IX, I. 
The conceptional age 
levels are the same 
as in Fig.IX, 5. 
5 6 7 10 
conceptional age groups 
et al. (1985). This fusion hindered the precise determination of peak 
Ц С , and yet, the contralateral С-ЦС IPLD showed a consistent 
latency decrease with increasing conceptional age. From 30 to 37 weeks 
CA the V C-II C IPLD conduction contralateral to stimulation appeared 
slower than that occurring ipsilaterally. The amplitude ratio V/I 
showed a consistent increase, because of a peak I dominance, which 
gradually equalized with the amplitude of peak V (Fig.IX, 6). Krumholz 
et al. (1985) did not find maturational changes in the V/I amplitude 
as a function of increasing conceptional age. 
The ABR composite group averages as shown in F ig. IX, 2 did not show 
important morphological differences between the 5 gestational age 
groups. Salamy at al. (1982) reported diverging amplitude trajectories 
during the course of the first year in preterm infants as compared 
Fig.IX, 7: The maturation of 
the mean latency values of 
the MLR components PO, Na 
and Nb, 25-52 weeks CA 
(Table IX, II). The laten­
cies of PO, Na and Nb show a 
consistent decrease with 
increasing conceptional age. 
The numbers of the concept­
ional age levels are the 
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Fig. IX, θ: The matura­
tion of the amplitudes of 
the MLR components PO and 
Na, 25-52 weeks concep-
tional age. The amplitude 
of PO shows a slight in­
crease with increasing 
age. Na becomes gradually 
more negative. The num­
bers for the conceptional 
age levels are the same 
as in Fig.IX, 5. 
- 4 . - I W 1 I I I I 1 Γ ~ 1 
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conceptional age groups 
with a full term sample. The usual ABR parameters are reported to be 
uninfluenced by the extent of prematurity of the infants (Starr et 
el., 1977; Despland 4 Galembos, 1980; Cox et al., 1981; Fawer 4 
Dubowitz, 1982). The maturation of the MLRs seemed particularly 
interesting with respect to the latency decrease of PO, Na and Nb 
(Fig.IX, 7). The amplitudes showed a slight increase (Fig.IX, 8). This 
observation was in contradiction to the reported stability of the MLR 
components, but could correspond to early functioning of subcortical 
generators for the MLRs. 
IX.5.3 In conclusion 
The composite group averages offer insight into developmental trends 
of the AR parameters. The stable components can be identified for 
further study. The group averages serve as a reference for the 
analysis of the individual records. This is very useful in the AR 
analyses because of the low signal to noise ratio in the individual 
records in this age group, i.e. they increase the reliability of the 
analysis. 
The BMC AR protocol, also including the ACRs, is effective in 
obtaining ABRs and MLRs in very premature infants as part of a single 
procedure in an acceptable timespan. 
No important differences in waveform or latencies are observed between 
the 5 gestational age groups at the same conceptional age levels. This 
will be tested in the analyses of the individual records to be 
reported on in a subsequent paper. 
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C H A P T E R Χ 
THE MATURATION OF THE CENTRAL AUDITORY CONDUCTION IN PRETERM INFANTS 
UNTIL THREE MONTHS POST TERM: II. The auditory brainste· responses 
(ABRs) 
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X:l ABSTRACT 
Auditory evoked brainstem responses (ABRs) were recorded in 65 preterm 
infants (serially in 55 of them), divided into 5 groups, according to 
their gestational age (GA). The recording sessions were performed at 
8 conceptional age levels (CA=GA+chronological age). The number of 
recording sessions per infant varied from one to 7. A full set of ABR 
latency and amplitude parameters was analyzed including peaks I, II, 
U N , III, V and lie, n i N c and ye as some interpeak latency 
differences (IPLDs), and some amplitude ratio's. The detectability of 
the different components reached 80 to 100% at about 32 weeks CA. The 
side of stimulation nor the state of vigilance influenced the 
detectability. The degree of prematurity in the 5 GA groups did not 
influence the development of the parameters. Neither the side of 
stimulation, nor generally the state of vigilance gave rise to 
different parameter values. The thresholds showed an age dependent 
decrease, which was also determined by central maturation. The 
differential development of the latency decrease of the ABR parameters 
with increasing conceptional age could be associated with 
morphological maturational processes and might add weight to the 
arguments in the delineation of the sources of the ABR. The ipsi- and 
contralateral central conduction V-II and VC-IIC did not show latency 
differences at any CA level. The components lie and VC, however, 
lagged behind in absolute latencies compared with II and V. 
It is concluded that the ABR is a powerful instrument for the study of 
the maturation of the human auditory pathway in the brainstem. In view 
of the variability, the detectability and the complex changes within 
the ABR during the preterm period, its application for clinical 
purposes during this period has a limited value. 
X:2 INTRODUCTION 
The auditory evoked response (AR), elicited by an external acoustic 
stimulus, can from stimulus onset on be divided in the auditory 
brainstem response (ABR, 0-10 ms), the middle latency response (MLR, 
10-100 ms) and the cortical auditory response (ACR, 50-1000 ms). In a 
previous paper we showed the results of group averaging of the ABR and 
the MLR, In a group of premature infants (Rotteveel et al., 1986b). 
Interindividual stable components could be identified for further 
analysis. The developmental trend of parameter values could be 
recognized (Fig.X, 1). The ontogeny of the ABR components, as defined 
by Jewett et al. (1970), and their appearance ipsi- and contralateral 
to stimulation, can be studied in prematures from a conceptional age 
(CA) of 25 weeks onwards. The general features of the maturation of 
the ABR in preterm infants are described in terms of the threshold 
decrease, latency decrease and amplitude increase. The parameters 
studied, and the protocols used, varied considerably according to the 
aims of the studies: audiological, neuraudiological or neurological 
(Schulman-Galambos 4 Galembos, 1975; Goldstein et al., 1979; Starr et 
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Grand composite group averages ABR 
Fig.X, 1: The grand composite group average of the ABR obtained at 
different conceptional age levels. The side ipsilateral to stimulation 
(i.l.) is depicted at the left side; the side contralateral to 
stimulation (c.l.) is depicted at the right. The traces are the sum of 
the individual records obtained after right end subsequently left ear 
stimulation. The jitter in the stimulus artifact is a result of the 
synchronization procedure during the summation procedure. N = the 
number of infants; N' = the number of summed records. The numbers are 
not identical to the number of infants and recordings in the 
individual analyses in the present paper (Table X, II). 
al., 1977; Despland 4 Galembos, 1980; Cox et el., 1981; Streletz et 
al., 1981; Salamy et al., 1980; Fawer and Dubowitz, 1982; Stockard et 
al., 1983; Despland, 1985; Krumholz et al., 1985). Salamy et al. 
(1985) studied the ABR parameters III and V ipsi- and contralateral to 
stimulation. 
Further delineation of the properties of the ABR parameters in preterm 
infants, however, is needed (Guérit, 1985; Despland, 1985), especially 
in the age group from 30 to 50 weeks CA (Eggermont, 1985). 
The goal of this communication is to report on the results of a 
comprehensive study on the differential development of the latency and 
derived interpeak latency parameters, and the amplitudes and amplitude 
ratio values of the ABRs from 25 to 52 weeks CA. 
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In the analyses of the records, the following questions were dealt 
with: how do the mean latencies and amplitudes of the ABR and derived 
parameters ipsi- and contralateral to stimulation depend upon the 
conceptional age, upon right or left ear stimulation, upon threshold 
decrease, upon the state of vigilance and the state classified as 
artificial ventilation, and upon the degree of prematurity. 
Furthermore, the dependence of the detectability rate of the separate 
components on these factors was studied. 
X;3 MATERIAL AND fCTHODS; 
X.3.1 Siiijects 
The infants were selected on the basis of clinical and echo encéphalo-
graphie criteria. Obvious neurological dysfunctions such as structural 
neonatal seizures, cranial nerve palsies and asymmetric syndromes were 
excluded. Congenital, infectious, haemorrhagic or hypoxic structural 
brain lesions also led to exclusion from the study. 
The AR recordings were obtained sequentially in 55 premature infants, 
6 of whom missed their follow-up at 52 weeks CA. Additionally, the 
data from 10 other infants of which only one recording session was 
obtained, were studied as well. The infants were divided into 5 groups 
according to their term at birth or their gestational age (GA) (Table 
X, I). The term was determined by the last menstruation date of the 
mother. In some doubtful cases the term was verified by the 
neonatologists using the full Dubowitz Maturation Scale (1970) and 
Narayanan score (Narayanan et al., 19B2). Altogether there were 256 
recording sessions. With the exception of one, each session related to 
left and right ear stimulation. The number of sessions per infant 
varied from 1 to 7 (1 session in 10 infants, 2 in 6, 3 in 5, 4 in 14, 
5 in 20, 6 in 7 and 7 sessions in 3 Infants). The data were obtained 
at 8 different conceptional age (CA) levels (Table X, II). The states 
of vigilance existing during the recordings were observed by the 
technician. The states were defined as follows: sleep, transition 
awake/sleep, awake, restlessness or crying and artificial 
respiration. The most frequent state was sleep. The latter two states 
occurred rarely. 
X.3.2 Test 
The test conditions, instrumentation and test parameters are exten-
sively described in the paper on the ABR and MLR group averages 
(Rotteveel et al., 1985, 1986b). The records were obtained by means of 
a Nicolet CA 1000 EP unit, in the intensive care unit for prematures. 
The ABRs were preferably obtained in a state of sleep, monaurally from 
the right and left ear respectively, at 70 dB. The 0 dB setting of the 
CA-1000 corresponds to 30 dB eq SPL. The 70 dB test was performed 
twice. Each single test was performed by delivering at least 2000 
broad band clicks of 0.1 ms duration, at a regular rate of ll/s. The 
bandpass filter setting was between 30 and 3000 Hz. The analysis time 
was 20 ms, including 5 ms prestimulus time. Derivations, both ipsi-
and contralateral to the side of stimulation were used, with Cz as the 
active site, and with the reference at the preauricular sites. 
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Total 38 27 256 3.9 
* 25 weeks means 25 weeks and χ days (x= 0, 1, ..6), etc. 
TABLE X, II: NUMBER OF 



































* The last level has been numbered 10, in view of the 
time gap between term date and 3 months thereafter. 
The grounding was at Fz. The intensity series was performed at 80, 50, 
40 and 30 dB, by delivering 1000 clicks per intensity ipsileteral to 
the side of stimulation. 
The measurements were performed on the addition of the ABR duplicates 
(Fig.X, 2). The records were then retrogressively analyzed by visual 
inspection, from 3 months to the premature levels. The intensity 
series was qualitatively analyzed for the presence of peak V (Fig.X, 
3). The duplicate records of the 70 dB test ipsi- and contralateral to 
stimulation (cfr. Stockard et al., 1983) and their sum, the intensity 
series and the group average records (cfr. Salamy et el., 1980) were 
used for comparison in the determination of the ABR components. This 
was performed independently by two judges. Components for which the 
labeling was equivocal, were omitted. The latency measurements from 
the onset of the stimulus were performed at the center of the peaks 
and the troughs to be determined. If the peaks were difficult to 
determine, the upward and downward deflections were extended and the 
points of intersection were taken as the point of measurement (cfr. 
Starr et al., 1977). The amplitudes were measured with respect to the 
baseline voltage. The amplitude of the trough IIINC was not measured 
systematically and often left out from the investigations. Peaks 
the more premature conceptional age 
III and/or IV and V ipsi lateral to 
and VC and/or Vic contralateral to 
showing fusion, especially at 
levels, e.g. peaks I and II, 
stimulation and 11° and 111° 
stimulation, could often be resolved in the comparative analyses. 
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BAEP AD 
C z - A 2 i l C z - A , c l 
7 0 d B 
Fig.Χ, 2: Survey of single ABR recordings after summation of their 
duplicates. The records are obtained at different conceptional age 
levels, ipsi- and contralateral to stimulation, after right ear 
stimulation (AD). BAEP = ABR. 
The polarity in all records was chosen such that an upward deflection 
reflects positivity. The latency and amplitude values of the 
following peaks and troughs were chosen for further analyses: I, II, 
U N , III and V ipsilateral to stimulation; lie, HINC and Vc 
contralateral to stimulation. Further the IPLDs IIN-I, III-I, V-I, 
V-IIN, V-III and І Ш С - Ц С , с.цс, VC-IUNC
 a
nd the amplitude ratios 
V/I, V/Vc, IIC/VC were determined. 
X.3.2 Statistical methods 
The mean values and standard deviations of the parameters and the 
derived parameters (IPLDs and amplitude ratio's) were computed. The 
influence of the degree of prematurity, the state of vigilance and the 
threshold were investigated per CA level by Student's tests for two 
samples or one-way analyses of variance, followed by pairwise compari­
sons according to Scheffé (1959). 
The influence of the conceptional age with respect to the parameters 
was examined by means of two-way analyses of variance (mixed model), 
with the CA level as fixed factor and the infant as stochastic factor, 
also followed by pairwise comparisons according to Scheffé. The latter 
analyses of variance were not quite exact because for a part of the 
cells of the two-way layouts, the observations were missing. 
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Flg.X, ?: Survey of single records of the intensity series, obtained 
at different conceptional age levels, for the four intensities 80, 
50, № and 30 dB after right ear (AD) stimulation. BAEP = ABR. 
The differences between the stimulation of the right and of the left 
ear and between ipsilateral and contralateral to stimulation with 
respect to the parameters have been analysed by paired Student's 
t-tests. This was done separately for the CA levels. Before performing 
any of the above mentioned analyses, for each infant all available 
observations or differences of paired observations at the same CA 
level have been averaged. If relevant, firstly the data from the right 
and the left records were averaged and after that, the data from 
different times at the CA level under consideration. The computations 
were mainly carried out by means of the SAS program package. 
X:4 RESULTS 
X.4.1 The influence of the degree of preneturity 
To investigate the influence of the gestational age on the direct ABR 
parameters and the derived parameters, the values of the measurements 
were averaged either for the right and left side or were taken, if one 
failed, from one side only (see § X.4.4). Next, measurements from the 
same infant for a CA level were averaged. As was to be expected, the 
latency values showed a decrease with increasing conceptional age. 
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At the same conceptional age level, no important differences were 
noted between the 5 gestational age groups. One-way analyses of 
variance were performed for comparing the groups both for the CA level 
of 32-33 weeks and 50-52 weeks. Two of the 31 tests reached 
significance (p <0.05). This could be consistent with the hypothesis 
that the degree of prematurity does not influence the latency and 
amplitude values at the same conceptional age. Also a further 
inspection did not provide evidence for a possible "trend" in 
latencies and amplitudes as a function of degree of prematurity. So, 
in the following investigations the data obtained from the 5 different 
gestational age groups were combined. 
X.4.2 Detectability rate of the ABR parmeters 
The percentages of detectability of the peaks I, II, U N , III, V, IIe, 
IIINC and Ve, were plotted against conceptional age in Fig.X, A. It 
concerned the measurements of the peaks and troughs in the ABRs 
obtained at 70 dB, ipsi- and contralateral to stimulation. Only 
distinction between CA levels was made. The percentages were 
calculated after averaging per infant in the usual way. All parameters 
showed a rapid increase in detectability from 25 to 32 weeks CA. The 
identificability of peak II was continuously lower than peak I, but 
also lower than peak 11° . This was because of the tendency to fusion 
of peak I and II, while the trough IIN, preceding peak III, was more 
easily discernable than peak II itself. Peak V showed a detectability 
rate similar to peak I. It was identified more often than peak Ve 
before 34 weeks CA. The contralateral trough IIINC was hardly 
delineable before 28 weeks CA. Divergence in waveforms between the 
ipsilateral and contralateral records and poor threshold levels made 
delineation of the components in the earliest periods difficult. Other 
factors than conceptional age which possibly influenced the 
detectability rate were the threshold level, state of vigilance, and 
the side of stimulation. Although low thresholds were failing for the 
first CA level and high thresholds for the last CA levels (see also 
below) separate studies for the different CA levels generally revealed 
a lower detectability with increasing threshold. The influence of the 
state of vigilance was also studied for each CA level separately. For 
any infant per CA level only the records with (one of) the most 
frequent state(s) were considered and its data were averaged in the 
usual way. 
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Fig.X, 4: Detectablllty rates of the different ABR components ipsi-
and contralateral to stimulation at the conceptional age levels 1 to 
10 (see Table X, II). 
The state of vigilance did not have any appreciable effect upon the 
detectablllty. Too few observations were available in order to draw 
any relevant conclusions on the influence of the "restlessness" or 
artificial ventilation. 
Neither a clear influence of the side of stimulation on the 
detectablllty could be established. For each latency the number of 
recordings with only a detectable peak after stimulation of the right 
side was about the same as the number after stimulation of the left 
side. 
X.4.3 The influence of the side of stimulation 
Separately for the CA levels 4, 5, 6, 7 and 10, Student's tests for 
paired observations have been applied to compare the stimulation of 
the right and left ear, with respect to the latencies and amplitudes. 
If an infant had two complete right-left observations, they were 
averaged previously. 
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Generally no significant (p <0.05) differences were found. The number 
of positive mean differences was equal to the number of negative mean 
differences. We concluded that systematic differences between both 
sides of stimulation could be neglected. So a complete right-left 
observation was considered as a duplo measurement. 
X.4.4 The influence of the state of vigilance 
As mentioned, the state of vigilance was divided into: awake, sleep, 
transitional state and restlessness. Artificial ventilation was 
considered as a separate state. Separately for the CA levels, 
Student's tests for two samples (CA level 4), or one-way analyses of 
variances followed by pairwise comparisons according to Scheffé, have 
been performed to study the differences between the states, with 
respect to the original and derived parameters. In the same manner as 
in the foregoing, for any infant, (one of) the most frequent state(s) 
per CA level was chosen. Due to lack of data, an analysis for CA level 
1 could not be performed, while the "restlessness" and "artificial 
ventilation" only were involved in the analyses for CA level 10 and 3 
respectively. 
In relatively few cases significant p-values have been found. The most 
important result was the higher latency mean for U N and V, and the 
IPLD V-I during the state "artificial ventilation", compared to the 
sleep state (CA level 3; Scheffé comparison, ρ <0.04). The difference 
amounted to 1.6 ms, 1.5 ms and 0.8 ms respectively. Generally, we also 
noted higher latency means for the awake state compared to the sleep 
state. A significant result however, was only obtained for peak I (CA 
level 5; Scheffé comparison: p=0.04; difference = 0.6 ms) and the IPLD 
VC-IIC (CA level 4; Student's test: p=0.05; difference = 0.4 ms). 
Despite some significant results, no clear influence of the state of 
vigilance could be found with respect to the amplitudes. 
X.4.5 The threshold developnent 
With increasing conceptional age, the threshold as measured by ABRs by 
looking at the presence of peaks I or V in the intensity series, 
decreased (Fig.X, 3). Before 30 weeks CA thresholds were predominantly 
above 50 dB. Between 30 and 37 weeks CA a broad range of ABR threshold 
values was found ranging from above 70 dB to below 30 dB. After 38 
weeks, at the full term conceptional age level, and at 3 months, the 
thresholds were predominantly about 30 dB. 
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Χ.4.6 Influence of the threshold upon latency and aeplitude 
To investigate the influence of the threshold on the original and 
derived latency and amplitude parameters from the ABR tests at 70 dB, 
the threshold levels were divided into five intervals: below 35 dB, 
36-45 dB, 46-55 dB, 56-70 dB and above 70 dB. Statistical tests have 
been performed separately for the CA levels 2 up to 6. Since the first 
CA level (25-27weeks) showed virtually only high thresholds and since 
beyond 37 weeks, thresholds predominantly below 40 dB were found, 
these CA levels were less accessible for the intended statistical 
tests. Student's tests for two samples (CA level 2: last two threshold 
intervals) and one-way analyses of variance followed by Scheffé 
palrwise comparisons (CA levels 3 and 6: the first four intervals; CA 
levels 4 and 5: the first three intervals) have been applied. The 
assignment of the infants to the different threshold intervals was 
done separately for each parameter by only making use of threshold 
values occurring together with known parameter values and by averaging 
over the records in the usual way. As regards the CA levels 2 and 6, 
hardly significant differences have been found. For the CA levels 3, 4 
and 5 the main results are the pairwise significant (Scheffé: ρ <0.05) 
differences between the threshold intervals below 35 dB, 36-45 dB and 
46-55 dB with respect to the latency parameters. Such differences 
occur very often with respect to the latencies themselves, especially 
after ipsilateral stimulation, and sometimes with respect to the 
interlatencies. Higher thresholds gave rise to higher mean values. The 
magnitude of the significant difference in latency between two 
subseguent threshold intervals was often about 1 ms. However, with 
respect to the amplitudes and ratios rarely systematic differences 
have been found. A clear association with the threshold values could 
not be established for these parameters. 
X.4.7 The differential development of the ABR 
The mean values and standard deviations per CA level (after averaging 
for each infant separately) of the latency and amplitude values for 
the ABR parameters ipsi- and contralateral to stimulation are 
summarized in Appendix: Tables X, III and X, IV, and depicted in 
Figs.X, 5 and X, 6. The means and standard deviations for the derived 
parameters (the interpeak latency differences, and the amplitude 
ratio's) are tabulated in Appendix: Tables X, V and X, VI. In Fig.X, 7 

























25 30 35 40 5 0 55 
Fig.X. 5: Means and standard deviations of the latencies of the ABR 
parameters for the θ conceptional age levels (see Appendix: Tables X, 
III and X, IV). Components with the suffix с refer to contralateral 
stimulation. 
Statistical analyses were carried out by means of two-way analyses of 
variance (mixed model). The data were classified according to the 
factor infant and to the factor CA level. Because of the averaging of 
the data per infant each cell of a two-way layout contained at most 
one value. In order to get reasonably accurate results, layouts with a 
large number of empty cells were avoided. 
Two successive analyses have been performed with respect to each of 
the parameters. The first one concerned only the CA levels 1 up to 4 
and was restricted to the infants of the GA groups I and II (Table X, 
I). The second analysis concerned the CA levels 3 up to 10. 
Additionally, infants with only a (mean) value for one of the 4 
respectively б CA levels were omitted. With respect to each parameter 
the hypothesis of egual theoretical means for the different CA levels 
was tested. This was followed by the simultaneous analysis of Scheffé 
in order to compare the pairwise differences between the CA levels. 
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Fig.X, 6: Means and standard deviations For the ABR parameter 
amplitudes at the 8 conceptional age levels. The values are tabulated 
in the Appendix: Tables X, III and X, IV. 
In the following the testing results are presented without related CA 
means. It appeared that estimates for the different CA level means, 
calculated from the data of the above mentioned incomplete layouts on 
the basis of an additive two-way analysis of variance, generally 
deviated very slightly from the means given in the Appendix: Tables X, 
III and X, IV. Obviously, the numbers of infants used for the analyses 
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Fig.Χ, 7: Means and standard deviations of the ABR IPLDs at the 8 
conceptional age levels (Appendix: Table X, V). 
Latencies 
The hypothesis of equal means for the different CA levels had to be 
rejected for all latency parameters (p £0.007). Subsequent simul­
taneous analyses according to Scheffé showed significant latency 
differences for the majority of the contrast pairs (p £0.05). The 
results are summarized schematically in Fig.X, B. 
Generally spoken, there was a significant latency decrease between the 
level 1 or 2 and level 4, and between term date and 3 months there-
after. Although initially a rapid decrease was observed, it must be 
noted that systematic differences between the first CA levels could 
not be demonstrated easily, because of the small amount of 
measurements. In most cases, no significant differences between the 
levels 4, 5 and 6 could be established. 
Interlatenciea 
The two-way analyses of variance for the conceptional age levels 1 to 
4 (GA groups I and II) showed significant latency changes for all 
IPLDs ipsllateral to stimulation (p <0.03), but none for the IPLDs 
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Fig.X, 8: Summary of testing 
results with respect to pair-
wise contrasts between the 
conceptional age levels 1 to 
10 (Tables X, III and X, IV), 
for the ABR parameter latency 
values. 
A: concerns the results of GA 
groups I and II (Table X, I) 
added together for the CA 
levels 1 to 4. 
B: concerns the results of the 
GA groups I to V added toge­
ther for the CA levels 3 to 
10. 
The p-values are the testing 
results obtained by testing 
the overall hypothesis of 
equal means for the different 
CA levels according to the 
two-way analysis of variance 
(mixed model). 
The Non-significant differen­
ces (p >0.05) between two CA 
levels, according to the 
multiple comparisons method of 
Scheffé are denoted by common 
lines. 
data for CA level 1 are missing. 
CA level 1 not significantly different from CA level A (p >0.05). 
ι CA level 2 not significantly different from CA level 4 (p >0.05). 
ι CA level 1 not significantly different from CA level 3 (p >0.05). 
< 0 0 0 1 
6 7 10 
C A levels 
contralateral to stimulation (p >0.05). In the two-way analyses of 
variance for the CA levels 3 to 10 all IPLDs showed a significant 
latency decrease (p <0.001). The results of the simultaneous pairwise 
comparison of the CA levels according to Scheffé are summarized in 
FIg.X, 9. 
In general the IPLDs showed a gradual latency decrease mainly until CA 
level 6, whereas the latencies themselves still showed consistent 
changes after CA level 6. 
Amplitudes 
The two-way analyses of variance for the CA levels 1 to 4 (GA groups I 
and II) only showed significant amplitude changes for peak V (p=0.03) 
ana vc (p=0.02). However, the contrast analyses according to Scheffé 
did not reveal any significant difference between the CA level pairs 
(p >0.05). The two-way analyses of variance for the CA levels 3 to 10 
showed significant results with respect to peaks I (p=0.05), II 
179 
HN-I 








p < 0 0 0 1 
' 
ρ = 001 
? I ' , ' 
ρ<Ο0Ο1* 
ι ι 
ρ = 0 0 1 * 
1 
ρ =003 
"> ι ' , ' 
ρ > 0 0 5 
ρ > 0 0 5 
ρ > 0 0 5 
1 2 3 4 
Β 
< 0 0 0 1 
< 0 0 0 1 
< 0 0 0 1 




< 0 0 0 1 
' 
< 0 0 0 1 * * * 
< 0 Ο 0 1 * * * * 
< 0 0 0 1 * * 
3 4 5 
1 
1 
6 7 10 
C A l e v e l s 
Fig.Χ, 9: Summary of testing 
results with respect to pair-
wise contrasts between the 
conceptional age levels 1 to 
10 (Table X, V), for the ABR 
interlatencies. The p-values 
are testing results obtained 
by testing the overall 
hypothesis of equal means for 
the different CA levels 
according to the two-way 
analysis of variance (mixed 
model). 
The Non-slqnifleant differen­
ces (p >0.05) between two CA 
levels, according to the 
multiple comparison method of 
Scheffé, are denoted by 
common lines. 
? : data for CA level 1 are missing. 
* : CA level 1 not significantly different from CA levels 3 and A 
(p >0.05). 
** : CA level 3 not significantly different from CA level 5 (p>0.05). 
***: CA level 3 not significantly different from CA level 6 (p >0.05). 
****: CA level 3 not significantly different from CA levels 7 end 10 
(p >0.05 
(p=0.03), V (p <0.001) and VC (p <0.001). Significant differences 
between pairs of CA levels were only found in the two letter cases. 
For peak V an amplitude increase was shown between levels 3 and 6, 
7 and 10 (p <0.001), level 4 and 7, 10 (p <0.02) and level 5 and 10 
(p=0.001). A similar pattern was found for peak Ve: 3 / 6, 7, 10 
(p <0.01); 4 / 7, 10 (p=0.009) and 5 / 1 0 (p=0.03). Thus a persistent 
amplitude increase existed between 30 and 52 weeks CA, both for peak V 
and Ve. Because of lack of reliable data for the lowest levels, the 
amplitude ratio's were only investigated by the analyses of variance 
for CA levels 3 to 10. The ratio V/Vc did not show any significant 
difference, but the ratios V/I (p=0.04) and ц с / с (p=0.01) did. An 
increase for V/I and a decrease for IIc/vc ^jfk ,·,•„•.,.=,><,<,,„
 n n n n
.
n 
/vl' witn increasing concep­
tions! age was observed. However, Scheffé pairwise comparisons did not 
yield significant differences. Probably the limitation of the number 
1B0 
of significant results with respect to the amplitude parameters was 
partly due to the large relative variation of the data. 
X.4.8 Ipsilateral versus contralateral 
By means of paired Student's t-tests, the differences between the 
stimulated and the non-stimulated side were investigated separately 
for the θ conceptional age levels. The tests were performed with 
respect to the latencies and amplitudes of peaks II and V, compared to 
those of peaks H e
 a n
d vc respectively and the IPLD V-II compared to 
the IPLD V C-II C. Analogously to the foregoing analyses, firstly for 
each infant all differences from the records at the same CA level were 
averaged. A shorter mean latency ipsilaterally to stimulation of about 
0.2 to 0.4 ms was found for peak II. This difference was significant 
from CA level 4 onwards (p <0.001). For peak V likewise ipsilaterally 
to stimulation at all CA levels, with the exception of level 1, a 
shorter mean latency was found. These differences were also 
significant (CA levels 2 and 3: ρ = 0.03; CA levels 4 to 10: ρ <0.001) 
and amounted to about 0.3 to 0.4 ms. 
Except for a lower mean amplitude at CA level 5 ipsilaterally for peak 
II (p= 0.05), amplitude differences between the two sides were not 
found to be significant. Latency differences between the two sides for 
the IPLDs were not found either. 
X;5 DISCUSSION 
The premature ABR waveform is poorly defined. The waves are shallow 
with a low signal to noise ratio. Nevertheless, we could still detect 
the ABR components in a large fraction of the responses available. 
This was achieved by means of the visual analysis procedure. The 
comparative use of the group average waveforms, the duplicate records 
and their sum, the contralateral records and the intensity series 
enhanced the detectability considerably. The detectability rate is in 
agreement with that reported by Goldstein et al. (1979) and Krumholz 
et al. (1985). A considerable lower rate is reported by Roberts et 
al. (1982) and Salamy et al. (1985). 
The absence of the responses before 30-32 weeks in a considerable 
number of Infants, and the reported transient abnormalities (Stein et 
al. 1983; Stockard et al. 1983), make the application of the ABR in 
this premature period for clinical purposes questionable. 
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In our search for response differences measured as a function of the 
degree of prematurity, we found no evidence that the ABR are 
influenced by an earlier exposure to the extra uterine acoustic 
world. Even in the presence of negative influential conditions related 
to a deeper prematurity, no differences were encountered. The absence 
of differences between ABR results occurring between premature and 
mature infants at term date has already been reported by Starr et al. 
(1977), Despland 4 Galambos (1980) and Fawer A Oubowitz (1982). 
We could not demonstrate differences in the ABR parameter values with 
respect to the side of stimulation (cfr. Salamy et al., 1985). The 
detectability rates of the components of the ABRs from the right as 
compared to those from the left ear did not differ. The state of 
vigilance dit not clearly influence the results as already noted by 
Schulman-Galambos 4 Galambos (1975). Interesting, however, is our 
observation in infants on the respirator. Their latencies were longer 
for some parameters, even for the central conduction, though no 
neurological abnormalities were noted and the clinical condition in 
these children was judged satisfactory. This phenomenon can possibly 
be explained by the combination of suboptimal central oxygenation with 
increased bilirubin. This was one of the common denominators In these 
infants. 
We found a threshold decrease with increasing conceptional age in 
agreement with the findings of Schulman-Galambos A Galambos (1979) and 
Despland (1985). A surprisingly small variation in the threshold 
development is reported by Lary et al. (1985) in a study on "optimal 
preterm infants". He did not note any influence of ambient noise in 
the results. The influence of the threshold intervals on the ABR 
parameters and IPLDs was examined between 28 and 37 weeks conceptional 
age, a period in which the thresholds were sufficiently distributed to 
be able to test statistically. The considerable impact of the 
threshold intervals on the latency values and the IPLDs (30-35 weeks) 
suggests that not only the peripheral threshold, but also the central 
threshold for synchronous firing determine the "threshold" as measured 
by the ABR. The Vlllth nerve, the cochlear nuclei, the superior 
olivary complex and the inferior colliculi, start to myelinate between 
26-30 weeks CA. Simultaneously cytoarchitectonic changes occur and 
change the response properties at the level of the single cell or cell 
groups (Rubel, 1978; Brugge, 1983; Gilles et al., 1983; Moore, 1983). 
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TABLE X. VII: COMPARATIVE SURVEY OF THE MEAN VALUES (ms) АІУ 

























Salamy et al., 5.2*1.5 5.7*0.5 
(1982) 
fewer 4 5.7*0.3 5.5*0.3 5.2*0.3 5.0*0.3 
Dubowitz (1982) 
Krumholz et al., 7.7*1.2 6.1*0.9 5.6*0.4 5.4*0.5 
(1985) 
Present Study 6.5*0.3 5.8*0.5 5.5*0.5 5.3*0.4 
(1986) 
Л RATIO 
Salamy et al., 1.5*0.6 1.1*0.8 
(1982) 
Krumholz et al., 1.1*0.7 1.4*0.6 1.2*0.6 1.3*0.7 
(1985) 
Present Study 0.7*1.3 0.8*0.5 0.9*0.6 
(1986) 
SDs FOR THE IPLD V-I AND THE AMPLITUDE RATIO V/I 
5 6 7 1 0 P r o t o c o l 
36-37 38-41 50-52 
5.4*0.5 65 dB clicks, 8-12/s 
binaurally 
BP 100-3000 Hz 
5.3*0.4 5.1*0.2 60 dB clicks, 10/s 
BP 150-1500 Hz 
4.6*0.4 4.7*0.3 4.2*0.3 60 dB nHL clicks, 
7-33/s,BP 150-1500HZ 
5.4*0.1 5.1*0.4 4.7*0.3 60 dB nHL clicks, 
15/s, binaurally 
BP 100-3000 Hz 
4.9*0.3 4.9*0.3 60 dB, 10/s clicks 
BP 250*1600 Hz 
5.1*0.4 4.9*0.3 65 dB nHL = 105 dB 
SPL, 10/s c l i c k s 
BP 150-3000 Hz 
5.0*0.3 4 . 9 * 0 . 2 4 . 7 * 0 . 2 70 dB = 100 dB SPL, 
11/s clicks 
BP 30-3000 Hz 
1.3*0.6 1.3*0.9 1.5*0.8 Peak-Trough 
1.5*0.6 1.9*0.8 Peak-Trough 
1.1*0.6 1.1*0.5 1.2*0.6 Peak-Baseline 
The ABR contralateral to stimulation was less sensitive for threshold 
differences. The latency values as found in this study, and listed in 
the appendix, were generally slower than those found by others (Cox et 
al., 1981; Salamy et al., 1982, 1985; Fawer 4 Dubowitz, 1982; Krumholz 
et al., 1985), although they were In agreement with those reported by 
Despland 4 Galembos (1980, 1985). The central conduction time as 
measured with the V-I IPLD showed a considerable consistency between 
the different studies (Table X, VII). Differences in absolute latency 
values are probably due to differences in stimulation and recording 
characteristics. The IPLDs show inter-study differences especially 
with respect to the partial IPLDs аз III-I and V-III. The definition 
of peak III might partly cause these differences. The values for the 
IPLD V-I as listed in Table X, VII are similar to those obtained by 
the group averaging procedure (Rotteveel et al., 1986b). 
Of interest are the changes of ABR components in latency or 
interlatencies between the different conceptional age levels. This is 
especially so with regard to the generator discussion of the ABR 
components. Peaks I and V, and the IPLD V-I showed the most important 
change between 28 and 33 weeks CA. This observation supports the 
notion of a concurrent peripheral and central maturation, with the 
emphasis Initially on the central pathways. This tends to confirm the 
finding that the central nucleus of the inferior colliculus matures 
structurely before collicular function is present (Moore, 1983). The 
VII it*1 nerve and the cochlear nuclei myelinate slowly until term 
date. This is however, in contrast to the conclusion of Despland 4 
Galembos (1980) who contribute the latency decrease before 34 weeks CA 
to the cochlea, and to the conclusion of Streletz et al., (1981), who 
considers the periphery and the central pathways equally Involved in 
the latency decrease. Peak V e shows a similar maturational pattern as 
peak V, but lags behind. 
Initially peaks I and II form one. single positivity, which is in 
agreement with a generation by the Vlllth nerve (Miller et al., 1981, 
Miller 4 Jannetta, 1982; Hashimoto, 1982; Scherg 4 Cramon, 1985). The 
latency decrease for peaks II and II e is most prominent between 30 and 
33 weeks CA. This would suggest a successive generation from the 
cochlear nuclei (Buchwald 4 Huang, 1975; Stockard 4 Rossiter, 1977) or 
a different generation for both; i.e. peak II by the Vlllth nerve and 
peak lie by the trapezoid body. 
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The trough UN, which was better discernable than peak II, showed a 
prominent change until 37 weeks CA. This coincides roughly with the 
change of the IPLD V-IIN. If U N originates from the trapezoid body 
nuclear complex (Wada 4 Starr, 19B3a and b), which differentiates and 
myelinates simultaneously with the cochlear nuclei (Brugge, 1983). A 
generation for IIe, IIIe and U N could be proposed at the level of the 
contralateral trapezoid body nucleus and superior olivary complex. 
Peak III appeared hardly before 28 weeks CA. The latency changes with 
increasing conceptional age occurred predominantly until 33 weeks and 
gradually thereafter. The IPLDs, including peak III, changed mostly 
until 35 weeks CA. The generation of peak III, is attributed to the 
superior olivary complex and the lateral lemniscus (Wada 4 Starr, 
1983c), or to second order neurons in the cochlear nuclei or trapezoid 
body (Miller 4 Janetta, 1982; Scherg 4 Cramon, 1985). Peak IIIe might 
be generated differently from peak III. The trough NIIIC might also 
originate from the contralateral lateral lemniscal nuclei (Wada 4 
Starr, 1983c). 
The slow negativity, following peak V, is attributed to the inferior 
colliculi (Hashimoto, 1982; Miller 4 Jannetta, 1983). It appears after 
28 weeks. Thus the IPLDs show common as well as highly individual 
features in the latency decrease patterns, which can be associated 
with morphological developmental features. This differential 
development was not reported by Krumholz et al. (1985), who noted an 
equal latency decrease with increasing conceptional age for the IPLDs 
III-I, V-III and V-I., but using different protocol parameters. 
The relative delay in appearance of the peaks and troughs in the ABR, 
contralateral to stimulation, might be caused by the time-lag in the 
myelination of crossing fibres at the rhombencephalic and 
mesencephalic levels. E.g. the brachium colliculi inferioris starts to 
myelinate in the 7 ^ month CA, which can be associated with the later 
appearance of peak Ve compared to peak V. 
The later appearance of peak Ve was also observed by Salamy et al. 
(1985). Comparison of the central conduction time V-I I Ipsi- and 
contralateral to stimulation did not reveal significant latency 
differences at the different conceptional age levels. 
The study of age dependent changes in the amplitude values resulted in 
considerably less developmental "trends" than those found in the 
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latency analyses. A persistent and significant amplitude increase was 
found for peak V and Ve, especially between 30 and 40 weeks. We 
observed for the ratio V/I an increase and for the ratio IIC/VC a 
decrease with increasing CA. However, no significant change could be 
shown by pairwise comparison of the conceptional age levels for the 
ratios. 
From the results discussed above we conclude that the ABR, in preterm 
infants, provides valuable information with respect to response 
properties of the auditory pathways in the brainstem. The response 
emerges between 25 and 29 weeks CA ipsi- and contralateral to 
stimulation, with the contralateral response lagging behind. The 
detectability rate for the components of the ABR parameter-set limits 
its use for clinical purposes in the preterm period. No clear 
dependency of the ABR parameter values has been found with respect to 
the side of stimulation, the degree of prematurity or the state of 
vigilance. The observation of longer latencies of ABR components and 
IPLOs in infants on the ventilator is interesting. The threshold 
development for the period studied, is determined by central and 
peripheral maturation. 
The ABR latency parameters showed a strong age dependency, as was 
expected. The study of the changes of the individual ABR components 
and the IPLDs provide arguments for "differential" maturation and may 
add to the discussion concerning their generation sites, ipsi- or 
contralateral to stimulation. For some amplitude parameters trends 
could be detected as a function of CA as well. Thus far, little 
attention has been paid to the components U N and IIINC and the 
combination of ipsi- and contralateral recording of the ABR. In view 
of the discernabllity of U N and IIINC and the complementarity of the 
two sides, the neurologic diagnostic yield of the ABR might improve, 
using the whole of the ABR parameter set. 
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APPENDIX: TABLE X, III: MEANS AND STANDARD DEVIATIONS OF THE LATENCY 
AND AMPLITUDE VALUES OF THE ABRs BETWEEN 25 
AND 52 WEEKS CONCEPTIONAL AGE (IPSILATERAL TO 
STIMULATION). 
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APPENDIX; TABLE X. V; MEANS AND SDs OF THE ABR INTERPEAK 
LATENCY DIFFERENCES (IPLDs) BETWEEN 
25-52 WEEKS CA 









































































































































































































































































TABLE X. IV: hEANS AND SDs OF THE LATENCY AND 
AMPLITUDE VALUES OF THE ABRs CONTRA­
LATERAL TO STIMULATION, BETWEEN 25 








































N MEAN SD 
3 6.12 0.89 
8 5.52 0.73 
23 5.23 0.66 
32 4.63 0.63 
37 4.65 0.65 
29 4.37 0.51 
35 4.18 0.38 
48 3.74 0.44 
0 
6 7.91 0.55 
20 7.00 0.61 
31 6.45 0.66 
34 6.16 0.72 
28 6.07 0.60 
33 5.81 0.42 
45 5.28 0.46 
4 11.45 0.62 
7 10.71 0.96 
22 9.66 0.75 
31 9.16 0.79 
37 8.79 0.69 
29 8.38 0.61 
35 8.04 0.45 
49 7.32 0.48 
AMPLITUDES (ц ) 
N MEAN SD 
2 0.05 0.11 
8 0.08 0.05 
22 0.06 0.06 
32 0.09 0.04 
35 0.11 0.07 
29 0.11 0.05 
35 0.10 0.05 
46 0.09 0.06 
0 
6 -0.05 0.04 
16 -0.05 0.06 
14 0.01 0.08 
2 -0.06 0.08 
6 0.00 0.07 
9 -0.02 0.05 
4 -0.05 0.09 
3 0.05 0.10 
7 0.07 0.05 
20 0.08 0.05 
30 0.12 0.06 
35 0.14 0.07 
29 0.16 0.08 
35 0.18 0.06 
46 0.19 0.08 
TABLE X, VI: MEANS DAN SDs OF THE ABR 
AMPLTUDE RATIO'S BETWEEN 
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С H A P T E R XI 
THE MATURATION OF THE CENTRAL AUDITORY CONDUCTION IN PRETERM INFANTS 
UNTIL THREE MONTHS POST TERM. III. The eiddle latency auditory evoked 
response (MR) 
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XI ;1 ABSTRACT 
Middle latency auditory evoked responses (MLRs) were recorded in 64 
premature infants, serially in 54 of them. They were divided into 5 
groups according to their gestational age (GA). The recording sessions 
were performed at 8 conceptional age (CA) levels, defined as the 
gestational age added to the chronological age. The last recording 
sessions occurred at 50-52 weeks CA. The number of recording sessions 
varied from one to 7 per infant. The MLRs were analyzed for the 
components PO, Na and Pa, and the interpeak latency difference (IPLD) 
Na-PO. 
The detectability rate of PO and Na reached 60% to 905Й at about 30 
weeks CA. Pa reached the highest rate of about 60% at 52 weeks CA. The 
degree of prematurity did not result in clear differences with respect 
to the parameter values. The side of stimulation did not influence the 
MLR parameter values. The latency values of the MLR components are 
strongly age dependent. Topographic differences were found between the 
sides ipsi- and contralateral to stimulation. They are, however, 
different for PO, Na and Pa. The influence of the state of vigilance 
on the parameter values could generally only be established at the CA 
levels of about 32 and 52 weeks CA. The amplitude values at 52 weeks 
CA are especially sensitive to sleep or awake state. The particular 
pattern of age dependency of the different components and their 
topographic differences is consistent with a differential generation 
of bilateral nature. The early appearance of the response supports the 
generation of an early functioning subcortical structure in the 
auditory pathway. 
XI;2 INTRODUCTION 
The middle latency auditory responses (MLRs) are defined as the peaks 
and troughs occurring 10 to 100 ms after acoustic stimulation. The 
separation from the auditory brainstem response (ABR) at about 10 ms, 
is determined by the slow negativity following the positive peaks V, 
VI and VII of the ABR. The delimitation from the auditory cortical 
responses (ACRs) is less well established. The P50 of the ACR is 
sometimes considered as a MLR component. The freguency contents of the 
ABR, MLR and ACR differ, and each reguires its own filter settings. 
Hence, the overlapping components of the MLR and the ACR have not 
necessarily have identical characteristics. 
The MLR has already been described by Geisler et al. (1958). Because 
of the controversy concerning the generation sites of the MLR 
components (Bickford et al., 1964; Goff et al., 1977; Hashimoto, 1982; 
Ozdamar 4 Kraus, 1983; Kraus et al., 1985b), the clinical application 
has been rather limited until recently (Mendel, 1982; Davis et al., 
1983; Kraus et al., 1985a ). 
The MLR waveform components are denominated by the suffix Ρ for the 
positive, and N for the negative components. The additional suffices 
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Fig.XI, 1: The grand composite group averages of the MLR obtained 
after right ear (AD) stimulation. The side ipsilateral to stimulation 
is shown at the left side (C4'-A1A2), contralateral to stimulation at 
the right side (C3'-A1A2). The traces are given for the different 
conceptional age levels. N: the number of infants; N': the number of 
summed records. These numbers are not equal to the numbers of the 
present study (table XI, II). 
characterize the sequence in the wave complex: NO, PO, Na, Pa, Nb 
etc. (Goldstein 4 Rodman, 1967; Picton, 1974). The waveforms in 
children and infants are almost identical to those in adults (Mendel 
et al., 1977; Okitsu, 1984). The latency and amplitude values are 
reported to be remarkably stable for different age groups and seem 
hardly to be influenced by test conditions such as sleep or awake 
state (Mendel à Goldstein, 1969a and 1969b; Mendel, 1974; Mendel 4 
Hosick, 1975; Vivion, 1986). In a previous paper we noted remarkable 
latency differences between the group averages of premature infants 
obtained at different conceptional age levels of 25 to 52 weeks 
(Fig.XI, 1) (Rotteveel et al., 1986b). This would support the 
suggestion of Galembos (1982) that the MLR constitutes a primitive 
function, laid down very early in development. To our knowledge no 
systematic developmental studies in premature infants have been 











































* 2 5 weeks means 25 weeks and χ days (x=0, 1,...6) etc. 
** Ю recordings obtained after binaural stimulation 
are excluded. 
properties in 4 age groups, including one group of premature infants 
of varying conceptional age. 
The goal of this paper is to report on the results of extensive 
analyses of the individual records, acquired sequentially in premature 
infants. A number of items was investigated: How is the detectability 
rate of the different components of the MLR? What is the influence of 
the degree of prematurity on the MLR parameters at a given 
conceptional age level? How is the development of those parameters 
associated with increasing conceptional age i.e. the gestational age 
added to the chronological age. The influence of the side of 
stimulation, the state of vigilance and the threshold of the ABR on 
the MLR have been studied as well. Also the topographic differences 
between the vertex and the central temporel derivations ipsilateral 
and contralateral to stimulation have been investigated. 
XI;3 MATERIAL AND FCTHODS 
XI.3.1 Inf aits and recordings 
The MLRs were obtained as part of a protocol also containing the ABR 
and ACR recording (Rotteveel et al., 1986b). From a group of 64 
premature infants, 38 males and 26 females, sequential recordings were 
obtained in 54 infants, 5 of whom missed the follow-up at 52 weeks 
conceptional age (CA). In 10 infants only at one occasion a recording 
was performed. A very small number of recordings was obtained after 
binaural stimulation. They were not included in the numbers given 
below. Infants suffering from structural CNS lesions as detected by 
transfontanellar echo encéphalographie examinations, were excluded 
from the study. The infants were examined neurologically at each 
auditory response or AR session. Infants with persisting neurological 
abnormalities were also excluded. The Infants were divided into 5 
groups according to their gestational age (GA) (Table XI, I). The 
gestational age was determined by the mother's last menstruation date 
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TABLE XI. II: THE MLR RECORDING SESSIONS AT THE EIGHT CONCEPTIONAL AGE 
LEVELS 
CA Infants Recording State of vigilance**** 
Level Weeks* sessions*** 
SI. Tr. Aw. Resti. Art.Vent. 
1 25-27 6 6 1 2 2 . 1 
2 2Θ-29 14 18 5 2 5 . 2 
3 30-31 23 23 7 10 4 1 1 
4 32-33 32 37 11 9 8 3 1 
5 34-35 37 38 9 12 12 4 
6 36-37 30 34 9 8 11 2 
7 38-41 35 41 11 10 13 1 
10** 50-52 49 49 13 11 24 1 
* 25 weeks means 25 weeks and χ days (x=0, 1,...6) etc. 
** The last CA level has been numbered 10 In view of the time gap 
between term date and three months there after. 
*** The recording sessions obtained by binaural stimulation are 
excluded. 
**** For each infant (one of) the most frequently occurring state(s) 
is chosen per CA level. 
Abbreviations: SI. = sleep; Tr. = transitional state; Aw. = awake; 
Resti. = restlessness; Art. Vent. = artificial ventilation; CA = 
conceptional age. 
by the obstetricians. In doubtful cases the term was verified by the 
Dubowitz Maturation Scale (1970) and the Narayanan Score (Narayanan et 
al., 1982). Altogether 246 summed duplicate MLR records after monaural 
stimulation were obtained at 8 conceptional age levels (Table XI, 
II). The number of recording sessions per infant varied from 1 to 7; 1 
session in 10 infants, 2 in 6, 3 in 4, 4 in 17, 5 in 20, 6 in 5 and 7 
in 2 infants. It can be noted from Table XI, II that 20 times at the 
same CA level an infant had two recording sessions. The states of 
vigilance in which the recordings were obtained were defined as: sleep 
state, awake state, transitional state and restlessness. Artificial 
ventilation was also scored as a separate state. The awake state 
occurred somewhat more than sleep and transitional state (Table XI, 
II). The remaining two states, especially the last one, occurred 
rarely. 
XI.3.2 Testconditions and testparameters 
The records were obtained with a Nicolet CA 1000 EP unit, with the 
infants preferably asleep, to avoid myogenic artifacts. The recording 
sessions were performed in the intensive care unit for prematures with 
the infants in an incubator. Miniature silverchloride electrodes were 
attached to the prepared skin with collodion glue. Four derivations 
were used: Cz-A1A2, СЗ'-АМг, Ы^ММ and C4'-C3I. Cz was defined 
according to the 10-20 system (Jasper, 1958). C3f and C4' were located 
half the distance from Cz to the preauricular sites Al and A2 
respectively. The reference consisted of linked ears Al to A2. 
Grounding was at Fz. The impedance between any two electrodes was kept 
below 2 kOhm. The recordings were obtained twice, generally both after 
AD and after AS stimulation. On some occasions binaural stimulation 
was applied. Monaural rarefaction clicks were generated by a Nicolet 
1001 A click stimulator and delivered by means of TDH-39 Ρ 
headphones. The zero dB setting on the CA 1000 corresponded to a peak 
eq. SPL of 30 dB. The responses were amplified 10* times by the 
HGA-200 physiological amplifier. 
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MLR AD, 70 dB 
F ig.XT, 2: Single records at 8 CA levels, as denoted in the figures. 
All 4 derivations are shown and denominated in the left upper record. 
Recordings after AS (left ear) stimulation are similar, except for the 
derivation СА'-СЗ'. Without changing the grid, the traces are reversed 
in polarity compared to the traces after AD (right ear) stimulation. 
The Intensity of the 256 clicks was 70 dB; 999 ps in duration. The 
click rate was 4.5/s or 4.7/s. The analysis time was 100 ms including 
25 ms prestimulus time. The filter setting was between 5-250 Hz, the 
filter roll off was 12 dB per octave. The derivation C4'-C3, was 
applied to compare the sides ipsi- and contralateral to stimulation. 
In the study on the MLR group averages, discernable wave forms were 
obtained using this derivation. In the individual recordings however, 
the noise usually obscured the traces too much for them to be of use 
in further analyses as was initially intended. The visual inspection 
of the recordings was performed retrogressively from CA level 10 
(50-52 weeks) to level 1 (25-27 weeks) (fig.XI, 2). In a comparative 
analysis the duplicate records and their sum after AD and AS 
stimulation, together with the group averages were used. The 
components PO, Na, Pa and the IPLD Na-PO were selected for further 
analysis. Rounded peaks were determined by extending the downward and 
upward slopes. The points of intersection served аз the point of 
measurement. The amplitudes were measured with respect to the baseline 
voltage. The latencies were measured from stimulus onset onwards. The 
polarity of the records was chosen such that an upward deflection 
reflected positivity. 
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XI.3.3 Statistical methods 
The mean values and the standard deviations of the latency and 
amplitude values were computed. The influence of the degree of the 
prematurity, the state of vigilance and the threshold, together with 
the differences between the three derivations were investigated per CA 
level by Student's tests for two samples or one-way analyses of 
variance, followed by pairwise comparisons according to Scheffé 
(1959). The differences between both sides on stimulation were 
analysed per CA level by paired Student's tests. The influence of the 
conceptional age with respect to the parameters was examined by means 
of two-way analyses of variance (mixed model), with the CA level as 
the fixed factor and the infant as the stochastic factor. This was 
also followed by a pairwise comparison according to Scheffé. The 
latter analyses of variance were not guite exact, because for a number 
of the cells of the two-way layouts, the observations were missing. 
The differences between the three derivations have been examined per 
CA level by two-way analyses of variance (mixed model) with the 
derivation as the fixed factor and the infant as the stochastic 
factor. Again these analyses were followed by pairwise acomparison 
according to Scheffé. Before performing any of the above mentioned 
analyses, for each infant all available observations or differences of 
paired observations at the same CA level have been averaged for each 
infant. If relevant, first the data from the right and left records 
were averaged, and after that the data from different times at the CA 
levels under consideration. Unless stated otherwise, only the data 
from monaural recordings were analysed. 
XI:» RESULTS 
XI.4.I The side of stimulation 
Separate pairwise Student's tests have been performed to compare the 
stimulation of the right and left ear with respect to the latencies 
and amplitudes for the CA levels 4, 5, 6, 7 and 10. If a child had two 
complete right-left observations, they were averaged. Only three of 
the 90 tests reached significance (p <0.05). Further, the number of 
positive mean differences was nearly equal to the number of negative 
mean differences. Hence, in the further investigations systematic 
differences between AD and AS stimulation could be neglected and 
complete right-left observations were considered as duplo 
measurements. 
XI.4.2 The degree of prematurity 
To investigate the influence of the gestational age on the direct MLR 
parameters, the mean latency and amplitude values were calculated for 
the GA groups I to V separately for each derivation and for each 
conceptional age level. The values of the measurements were averaged 
either for the right and the left side or were taken from one side 
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Fig.XI, 3: Detectability rates for the MLR components PO, Na and Pa 
from the vertex derivation Cz-A1A2 including binaural stimulations. 
The rates in the central temporal derivations are about the same. 
Next, measurements of the same child for a CA level were averaged. 
One-way analyses of variance were performed for comparing the 5 GA 
groups for the CA levels 4 to 10. The CA levels 1, 2 and 3 were not 
used because they were not represented by all GA groups. In 3 of the 
45 cases the test results showed a significant latency difference (p 
<0.05). The order of the GA groups according to their magnitude in 
mean latency values did not reveal a clear characteristic trend. There 
were only indications for smaller latencies with increasing degree of 
prematurity at CA level 10. No significant (p >0.05) amplitude 
difference was found. It was thus concluded that in further 
Investigations the recording data of the 5 GA groups could be joined. 
XI.4.3 Detectability rate 
The percentages of detectability of the components PO, Na and Pa were 
calculated per derivation, at each conceptional age level after 
averaging per infant in the usual way. As far as the vertex derivation 
was concerned, the data from binaural stimulation are included. No 
important differences were noted between the different derivations. Na 
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Fig.XI, 4: Means and standard deviations of the MLR latency parameters 
(ms) at the θ conceptional age levels, obtained in the vertex deriva­
tion (See Appendix: Table XI, III). 
The detectabillty increases with increasing conceptional age. No 
important differences between the detectabillty rates of the three 
derivations to the linked ears were noted. 
Next, the influence of the state of vigilance on the detectabillty 
rate was investigated for the parameters PO, Na and Pa for each 
derivation and each conceptional age level separately without using 
data from binaural stimulation. Because the state changed occasionally 
during the recording or differed between the subsequent times of 
measurement, only the records with (one of) the most frequent stete(s) 
per infant were considered. The averaging of the data per infant has 
been done in the usual manner. Too few observations were obtained 
during a state of restlessness, or during artificial ventilation to 
draw relevant conclusions. For PO a slightly lower detectabillty rate 
was observed in awake state compared to sleep state and transitional 
state at CA level 4 to 7. The detectabillty of Ne generally fluctuated 
between 90 % and 100 % from CA levels 3 onwards, with no persistent 
preference for any special state. The detectabillty rate for Pa in 
sleep and transitional state showed large fluctuations between the 
different CA levels from about 10 Ж to 60 SS. A remarkable rather 
linear increase in the detectabillty of Pa during awake state from 
about 0 % at CA level 2 to about 80 % at CA level 10 was found. 
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The influence of the ABR threshold on the detectability rate was also 
investigated; again without using data from binaural stimulation 
records. The ABR thresholds in the infants showing a MLR, after 
averaging within a CA level in the usual way, were divided into 5 
intervals: below 35 dB, 36-45 dB, 46-55 dB, 56-70 dB and above 70 dB. 
Predominantly higher thresholds occurred at the CA levels 1 and 2; a 
broad range in threshold values was observed at the CA level 3, and 
mainly thresholds below 56 dB were seen at the CA levels 4 to 10. For 
each threshold interval the detectability rate was calculated per CA 
level. The high thresholds at the first two CA levels did not allow 
for comparison. For the remaining levels generally a slightly higher 
detectability was observed for thresholds below 35 dB. No differences 
were noted between the three derivations with respect to the threshold 
influence. 
XI.4.4 The influence of the conceptional age 
The means and the standard deviations (after averaging for each infant 
separately) of the latencies and amplitudes of PO, Na, Pa and the IPLD 
Na-PO, are tabulated per CA level and per derivation (Appendix: Tables 
XI, III and XI, IV). The course of the mean latency values (vertex 
derivation) and amplitudes (ipsi- and contralateral to stimulation) 
are shown in Figs.XI, 4 and XI, 6 respectively. The differences 
between the conceptional age levels with respect to the parameters 
were examined by means of two-way analyses of variance (mixed model) 
with the infant as stochastic factor and the conceptional age level as 
fixed factor. Because of the averaging of the data per infant each 
cell of a two-way layout contained at most one value. In order to 
obtain reasonably accurate results, layouts with a large number of 
empty cells were avoided. Two successive analyses have been carried 
out. The first one concerned the CA levels 1 to 4 and was restricted 
to the infants from GA groups I and II. The second analysis concerned 
the CA levels 3 to 10. Additionally, infants with only a (mean) value 
for one of the 4, respectively 6 CA levels, were omitted. With respect 
to each parameter the hypothesis of equal theoretical means for the 
different CA levels was tested. This was followed by a Scheffé 
simultaneous analysis which compared the pairwise differences between 
the CA levels. In this context no CA means are presented. It appeared 
that estimates for the different CA level means, on the basis of an 
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Fig.XI, 5: Summary of testing 
results with respect to pair-
wise comparisons between the 
CA levels 1 to 10 (Table XI, 
III) for the MLR (inter) la­
tencies, averaged over the 3 
derivations. 
A: Results of the summed GA 
groups I and II for the CA 
levels 1 to 4. 
B: Results of the summed GA 
groups I to V for the CA 
levels 3 to 10. 
The p-values are the testing results obtained by testing the 
hypothesis of equal means for the different CA levels according to a 
two-way analysis of variance (mixed model). Non-significant 
differences (p 0.05) between two CA levels, according to the multiple 
comparison method of Scheffé, are denoted by common lines. 
* CA level 1 not significantly different from CA level 4 (p 0.05). 
slightly from the means given in the Appendix: Tables XI, III and XI, 
IV. Obviously, the number of infants used for the analyses are 
somewhat smaller than the number of infants used for these tables. 
With respect to the (inter)latencies, the differences between the 
three derivations are small compared to the difference between the CA 
levels, hence similar results were found for each of the derivations. 
For these parameters, therefore, only testing results from analogous 
overall analyses are given after averaging the data for the 3 
derivations per record, after left and (or) right ear stimulation. 
Only complete sets of 3 observations were used. Generally the number 
of cases with Incomplete observations for the 3 derivations was very 
small. 
Latencies 
In Fig.XI, 4 the major changes are observed between the first CA 
levels. A more gradual decrease is seen after these. Generally the 
hypothesis of equal CA levels means, with respect to PO, Na and Na-P0, 
averaged over the three derivations, had to be rejected (p £0.01). As 
far as Pa is concerned, a significance was obtained by the analyses 
concerning CA levels 3 to 10. The results of the subsequent pairwise 
comparisons according to Scheffé are shown schematically in Fig.XI, 
5. With the exception of Pa a significant decrease between CA level 1 
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Fig.XI, 6: Means and standard deviations of the MLR amplitude 
parameters (μν) ipsi- and contralateral to stimulation, at the 8 
conceptional levels (Appendix: Table XI, IV). 
Because of the few data available an initial decrease could not be 
easily established. Apart from PO a significant decrease was found 
between term date and three months thereafter. Generally no 
significant differences were found between the CA levels 4, 5 end 6 
and between the CA levels 5, 6 and 7. With respect to Pa also no 
significant difference could be established between the CA levels 3 to 
7. 
Amplitudes 
Generally, no clear amplitude trends could be observed (Fig.XI, 6). 
With respect to PO no significant (p >0.05) amplitude differences were 
found between the CA levels. With respect to Na the analyses of 
variance for the CA levels 3 to 10 gave significant results for the 
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vertex derivation (p=0.03) and contralateral derivation (p=0.009). The 
only significant contrast result was a higher absolute amplitude mean 
for CA level 10 compared to CA level 4 (p=0.05). Concerning the 
amplitude of Pa the analyses of variance for the CA levels 3 to 10 
gave p=0.01 for the ipsilateral and contralateral derivation, but no 
significant (p >0.05) pairwise differences between the CA levels were 
found. Possibly the small number of significant differences with 
respect to the amplitudes is partly due to the large relative 
variation of the data. 
XI.4.5 Topographic differences 
The latency and amplitude differences between the 3 derivations were 
analyzed per conceptional age level by two-way analyses of variance 
(mixed model) and, subsequently, by paired comparisons according to 
Scheffé. Only complete sets of 3 observations for the derivations were 
used for these analyses. All values obtained after right and (or) left 
ear stimulation and at different times within the same CA level for an 
infant, were averaged in the usual way. For CA level 1 too few 
observations were left. Some of the results of the two-way analyses 
and the subsequent contrast analyses are summarized in Fig.XI, 7. The 
means, estimated on the basis of an additive two-way analysis of 
variance model, and the numbers of observations generally deviate only 
very slightly from the results presented in the Appendix: Tables XI, 
III and XI, IV. With respect to the latencies for Na and Pa, no 
significant location differences could be found. For PO a 
significantly longer latency value of about 0.2 to 0.4 ms was found 
ipsilateral to stimulation when compared with the contralateral (and 
mostly also central) derivation at the CA levels 4, 5, 7 and 10. For 
the IPLD Na-PO a longer latency of 0.3 ms (p=0.02) was found for the 
central vertex derivation compared to the ipsilateral derivation at CA 
level 4, and for the contralateral derivation compared to the 
ipsilateral derivation at CA level 10. 
The amplitudes appeared to be more dependent on the derivations than 
the latencies. At the CA levels 2, 3 and 4 in the ipsilateral 
derivation P0 showed a significantly lower voltage than at the vertex 
and (or) contralateral to stimulation. At the CA levels 6, 7 and 10 
however, the contralateral amplitude for P0 was significantly smaller 
than in the other derivations. For Na the highest absolute amplitude 
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Fig.XI, 7: Survey of the topographic latency differences for PO, and 
amplitude differences for PO, Na and Pa at the CA levels 2 to 10 
(Table XI, II) 
The p-values are the testing results obtained by testing the 
hypothesis of equal derivation means by a two-way analysis of variance 
(mixed model). The location LI (central derivation at the vertex), L2 
(contralateral to stimulation) and L3 (ipsilateral to stimulation) are 
ordered in a sequence of increasing means (for Na the absolute means). 
Non-significant differences (p >0.05) between two derivations, 
according to the multiple comparison method of Scheffé, are denoted by 
a common line. 
significantly different from the amplitude in (one of) the other 
derivations at the CA levels 3, 6, 7 and 10. For Pa a significantly 
higher amplitude was found in the ipsilateral derivation compared to 
(each of) the other derivations at the CA levels 5, 7 and 10. All 
significant differences in the amplitude values discussed above are of 
the magnitude of about 0.05 to 0.10 yV. 
XI.4.6 Influence of the state of vigilance 
The influence of the different states of vigilance on the MLR latency 
and amplitude values has been investigated at each CA level and for 
each derivation. This was done by means of one-way analyses of 
variance followed by pairwise comparisons according to Scheffé or by 
Student's tests for two samples (CA level 2). For each infant (one of) 
the most frequent state(s) per CA level was chosen. Only states 
occurring in at least 3 infants were included. The data per infant 
were averaged previously over the right and left stimulations and the 
different recording sessions at the same CA level in the usual 
manner. Nearly identical results were obtained for each of the 3 
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derivations. Due to lack of data an analysis for CA level 1 could not 
be performed. Neither the state of artificial ventilation could be 
examined, while the restlessness state was only involved at CA level 4 
and 5. At the CA levels 4 and 10 a few significant differences for the 
MLR latency and amplitude parameters were found. For each derivation 
at CA level 4 a significantly (p <0.03) longer latency mean of about 3 
to 4 ms for the awake state compared to the restlessness state and 
transitional state was found with respect to Na. A similar result was 
found at CA level 4 for the awake state compared to the restlessness 
state with respect to the IPLD Na-PO. 
As regards the amplitudes, the most significant differences were 
demonstrated with respect to Na. At CA level 4 an increase of the mean 
absolute voltage of about 0.4 to 0.5 pV was found for the restlessness 
state compared to each of the other three states in the contralateral 
derivation (p £0.05). At CA level 10 a significant decrease of the 
mean absolute voltage was generally found for the sleep state compared 
to the awake and transitional state in each derivation. With respect 
to Pa a significantly lower mean amplitude was obtained for the sleep 
state compared to the restlessness state at CA level 4 in the 
contralateral derivation (p=0.03), for the sleep state compared to the 
awake state at CA level 7 in the ipsilateral derivation (p=0.04) and 
for the sleep state and (or) transitional state compared to the awake 
state at CA level 10 in each derivation (p <0.04). The latter 
differences varied from 0.2 to 0.5 JJV. With respect to P0 only a 
significant decrease (p £0.04) of about 0.3 pV was found for the awake 
state compared to the sleep state at CA level 10 in each derivation. 
XI.4.7 Influence of threshold intervals 
The influence of the ABR threshold on the MLR latency and amplitude 
values was investigated for each of the CA levels 2 to 6 by means of 
one-way analyses of variance followed by pairwise comparisons 
according to Scheffé or by Student's tests for two samples after 
assigning each infant to one of the 5 threshold intervals (see 
above). This assignment was done separately for each parameter by only 
making use of threshold values occurring together with known parameter 
values and by averaging over the records in the usual way. Only 
threshold intervals occurring for at least 3 infants within a CA level 
were investigated. The results for the three derivations were 
similar. Hardly any trend could be established. 
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The most important results were the significant increases of the mean 
latencies for the threshold interval 36-45 cB compared to the 
threshold interval below 35 dB of about 1 ms at CA level 4 (Student's 
tests: ρ <0.04) with respect to PO. 
XI:5 DISCUSSION 
XI.5.1 Detectability 
The components PO, Na and Pa were the most reproducable components in 
the premature MLRs. The morphology was intra- and interlndividually 
stable, as was shown in the group averages as well. The later 
components of the MLR were not well identifiable. In the visual 
analysis of the individual records at lower conceptional age levels, 
we noted a tendency of fusion between Na and Nb. This was also noted 
between the positivity preceeding NO and PO, which often resulted in 
shallow wave forms (Fig.XI, 2). At higher CA levels this was again 
noted, but to a lesser extent. In sleep, Pa was often difficult to 
recognize. Yet, Pa is not myogenic, as was noted in a patient 
pavulonized for artificial ventilation (cfr. Marker et al., 1977). We 
furthermore observed a bifid peak PO on many occasions, especially at 
term date and three months thereafter. The first part of the bifid PO 
usually showed a higher voltage contralaterally to stimulation and the 
second part ipsilaterally. This, of course, influences the latency 
measurements. The physiological meaning remains to be determined. 
The detectability of the MLR components in premature infants has not 
been studied before. Detectability rates showed a remarkable age 
dependency, as was also seen in the ABRs (Rotteveel et al., 1986c). 
The detectability did not clearly differ for the three derivations 
referred to the linked ears. Na was the earliest recognizable peak and 
approached 90 % from 30 weeks CA onwards. Pa reached a detectability 
of about 50 % at three months after term date. Kraus et al., (1985a) 
studied systematically the detectability of MLR components from the 
newborn period up to adult age. She showed a higher detectability for 
Na than for Pa at any age, although at persistently lower percentages 
than in the present study. This might well be due to analysis 
criteria. As a first criterion Kraus used a selection based on a 
positivity or negativity with respect to the baseline in a time domain 
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of the componepts to be determined. The second criterion was the 
visual inspection to rule out components due to artifacts. We applied 
visual analysis in a stepwise manner only, by comparing duplicate 
records, their sums and the group averages of the corresponding 
conceptional age. Though the percentages of detectability differed 
from the ones reported by Kraus, the age effect was similar. Kraus has 
already pointed to the influence of the state of vigilance on the 
detectability аз well as on the effect of the choice of the filter 
setting and stimulation rate. Filtering with a high bandpass of about 
15 Hz and using a stimulation rate of about 2 per s (Fifer et al., 
1984) enhanced the responses. The influence of the stimulus duration 
has not been studied in premature infants. An increase from 0.1 to 
about 1 ms click duration resulted in a better detectability of the 
MLR response (own observation). Okitsu (1984) obtained similar results 
in a study on the MLR in infants from 4 months to 3 years. He also 
reported the components PO and Na to be the most stable components. 
Sleep state resulted in reduced detectability for PO and in even a 
greater reduction for Pa (Okitsu, 1984). For PO, we observed a 
slightly higher detectability in sleep state compared to awake state 
from 32 to 41 weeks CA. As regards the influence of ABR thresholds, a 
slightly higher detectability was often observed for thresholds below 
35 dB. 
A major problem in the comparison of the results in the different 
reports in the literature, however, is the differences in the 
recording parameters as applied, and the subsequent labeling of the 
components. 
XI.5.2 Development with increasing age 
The latency decrease of the MLR components PO, Na and Pa between 25 
and 52 weeks CA was pertinent. Mendelson A Salamy (1981) reported a 
significant latency decrease for PO only. The study was done on 
individuals from four age groups, including one group of 15 premature 
infants, ranging in gestational age from 31 to 37 weeks and recorded 
at a mean conceptional age of 34.4 weeks. In view of the latency and 
amplitude changes in the prematures as studied in the present paper, 
it is likely that within the premature sample of Mendelson some of the 
changes which we observed were canceled. Furthermore, Mendelson used 
binaural stimulation so that comparison between the sides ipsilateral 
and contralateral to stimulation was not possible. 
Changes in the MLR latency values occurred predominantly in the period 
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before term date. After birth only small changes are reported to occur 
(Mendelson 4 Salamy, 1981; Mendel, 1982; Okitsu, 1984). The rate of 
the latency changes was maximal before 30 weeks CA and diminished 
thereafter. However, with respect to Pa, no significant decrease could 
be established between 30 and 41 weeks CA. The most prominent latency 
decrease between term date and three months thereafter was found for 
Na and Pa. The IPLD Na-PO changed according to the pattern of Na, 
suggesting a major impact of Na on this latency difference. The 
particular pattern of latency decrease for PO, Na and Pa, as found In 
the present study, supported the idea of a differential generation for 
the components. This has also been suggested by Kraus on the basis of 
clinical and animal studies (1985a, 1985b). The same conclusion was 
drawn by Woods 4 Clayworth (1985) on the basis of a multi electrode 
study from the human scalp. 
XI.5.3 Topography 
In adults. Pa is the most prominent at the vertex and equally large 
over the temporal lobes (CJzdamar 4 Kraus, 1983; Woods 4 Clayworth, 
1985). Wolf 4 Goldstein (1978) showed a preponderance in neonates of 
the response ipsilateral to stimulation with respect to Na and Pa. In 
spite of the considerable variation of the amplitude values, 
significant differences between the derivations were found in the 
prematures in the present study for PO, Na and Pa. We obtained the 
largest amplitudes for Na contralateral to stimulation at various CA 
levels. This was also found in adults (Woods 4 Clayworth, 1985). For 
Pa, the largest amplitudes were found ipsilateral to stimulation after 
34 weeks CA. At term date and three months thereafter, we found 
similar characteristics for Na as to the topographic differences in a 
group of mature newborns (Rotteveel et al., 1986a). 
What can the developmental changes in latency and amplitude values of 
the MLR tell us about the generation of the MLR components? 
Results obtained from animal studies on MLR generation correlate less 
well with those obtained from human studies than those with respect to 
the ABR generation. In animals three waves are recognized, wave A, В 
and С (Celesia, 1968; Kaga et al., 1980; Buchwald et al., 1981; Hinman 
4 Buchwald, 1983; Kraus et al., 1985c). Wave A is associated with the 
human Pa (Buchwald et al., 1981). It is larger in amplitude 
contralateral to stimulation (Kaga et al., 1980). In premature infants 
we noted this for PO until 33 weeks. 
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The question arises if PO is actually the equivalent of wave A in 
animals. On the basis of an intracranial study in patients, Hashimoto 
(1982) concluded that N0-P0-Na were generated subcortically from the 
inferior colliculi, arising as postsynaptic activity. 
Pa was contributed to the auditory thalamus or cortex (Kraus et al., 
1982), based on observations In patients. Buchwald et al. (1981) 
suggested a possible thalamo cortical generation for PO and a retículo 
thalamic generation for Pa. In view of the degree of anatomical 
maturation of the subcortical and cortical structures involved in the 
acoustic signal propagation in the premature infant, a subcortical 
generation for Pa is most likely. This is also in agreement with the 
findings of Kraus et al. (1985a) in the MLR analyses of patients with 
communicative and language disorders, and children with meningitis. No 
direct relation could be shown between the MLR findings and cortical 
lesions. The fact that the amplitude of Pa is sensitive to the state 
of vigilance does not rule out a retículo thalamic generation. 
The pattern of maturation of the MLR in our prematures, mainly 
determined by latency changes, suggested a subcortical generation. A 
cortical generation would result in more dramatic wave form changes 
determined by the tremendous changes in the cortical mantle, in the 
gyral patterning and thus in the cortical dipole orientation. Our 
observations on the topographic differences for PO, Na and Pa between 
the sides ipsilateral and contralateral to stimulation might be 
consistent with a paired generation of these components. Nonetheless 
the differences between the sides of stimulation the MLR cannot be 
considered as an unilateral response, as suggested by Galembos (1982). 
XI.5.4 Conclusion 
From our results we concluded that the MLRs were obtainable as early 
as 25 weeks CA and that the MLR, therefore, reflected an early 
functioning structure in the auditory pathway, with the most prominent 
changes in latency and amplitude before and around term date. We could 
not establish clear differences between infants born at different 
gestational ages and measured at the same conceptional age levels. The 
side of stimulation did not show left or right preponderance of the 
responses, as also reported by Kraus (1985a). 
The detectability rates of the components PO and Na reached 90 % to 
100 % after 30 weeks CA. Clinical application from that period on 
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seems feasible. The early appearance and the maturaiional pattern 
support a subcortical origin of the components as studied, possibly 
retículo thalamic and thalamo cortical as suggested by Buchwald et 
al., (1981). The topographic differences support β paired generation 
of the components. The state of vigilance and the ABR threshold 
intervals had little influence on the detectability and the amplitude 
and latency values of the MLR parameters. 
The clinical use of the MLRs is far from established. In the 
audiological application the MLR seemed useful in the determination of 
the thresholds for low frequencies (500-1000 Hz) (Davis et al., 1983; 
Maurizi et al., 1984). For the neuraudiological application the 
reported resulta are equivocai (Parvlng et al., 1980; Ozdamar et al., 
1982; Kraus et al.,1982; Kraus et al., 1985a). The MLR has been 
studied thus far mainly in patients with telencephallc lesions. This 
might well be the reason for the lack of clinico pathological 
correlations with "abnormalities" in the MLR. In comatose patients a 
good correlation has been found (Kaga et al., 1985; Mall et al., 
1985). The determination of a possible contribution of the MLR to the 
neurological assessment of infants at risk of cerebral damage needs 































































































































AND STANDARD DEVIATIONS OF 
THE (INTER) LATENCY VALUES OF THE 











































































































































































































































The means have been determined by previously averaging the 
data of all records of an infant at the CA level under 
consideration in a prescribed way (Material and Methods). 
N= number of infants; Ll= vertex derivation; L2= contra­
lateral derivation; L3= ipsilateral derivation. 
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The means have been determined by previously averaging the 
data of all records of an infant at the CA level under 
consideration in a prescribed way (Materai and Methods). 
N= number of infants; Ll= vertex derivation; L2= 
contralateral derivation; L3= ipsilateral derivation. 
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THE MATURATION OF THE CENTRAL AUDITORY CONDUCTION IN PRETERM INFANTS 
UNTIL THREE MONTHS POST TERM. IV. Composite group averages of the 
cortical auditory evoked potentials (ACRs) 
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XII;I ABSTRACT 
Composite group averages were constructed from cortical auditory 
evoked responses (ACRs), which are recorded sequentially at maximally 
8 conceptional age levels in 5 groups of 49 preterm infants, with 
additional inclusion of the records of 16 prematures obtained at 
different conceptional age levels. 
The group averages for the 5 gestational age groups showed replicatile 
waveforms at all conceptional age levels reflecting the intragroup 
stability of the ACR complex. From the earliest age levels, from 25 
weeks CA on, ACR group averages can be obtained, containing relatively 
low voltage fast waves and high voltage slow waves. The most 
outstanding developmental changes in the ACR complex are the waveform 
changes. Until about 36 weeks CA a premature waveform is found, 
followed by a transitional phase with low voltage noisy records. 
Finally the adult waveform is found in the measurements at 3 months 
after term date. The latency values are determined by the waveform 
changes. Persistent amplitude differences are found for the slow late 
waves between the vertex and the central temporal derivations. 
XII;2 INTRODUCTION 
In this communication we report on the composite group averages of 
cortical auditory evoked responses, the ACRs. Those are obtained in 
the same protocol as applied in the infants we reported on in a 
previous study in which the composite group averages of the brainstem 
(ABR) and middle latency (MLR) auditory evoked responses were 
described. 
The ACRs constitute the third level of the auditory evoked potential 
complex, following the ABR and MLR. The ACR complex consists of 
relatively low voltage fast waves, called the primary complex, and of 
high voltage slow potentials thereafter, the secondary complex. The 
waves occur within about 1000 ms after stimulation. The ACRs have been 
studied in infants and young children generally to detect hearing, 
especially in the period before the attention was drawn towards the 
ABRs. Some studies on developmental characteristics in preterm infants 
have been carried out (Weitzman & Graziani, 1968; Akiyama et al., 
1969; Monod 4 Garma, 1971; Schulte et al., 1977). Detailed matura-
tional studies covering both the primary and secondary complex of the 
ACRs have not yet been reported. The goal of this study was to develop 
a reference for the analysis of the individual records and to identify 
developmental trends of the auditory afference as measured with the 
ACRs in preterm groups of infants. 
The Infants were arranged in 5 groups according to their gestational 
age or term at birth, in order to identify possible Influences of the 
degree of prematurity on the maturation of the ACRs. 
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TABLE XII, I: GESTATIONAL AGE GROUPS OF THE INFANTS AND CONCEPTIONAL 
AGE LEVELS OF THE RECORDING SESSIONS 















































* 25 weeks means 25 weeks and χ days (x= 1, 2 6) etc. 
XIIî2 »CTHODS 
Subjects, test conditions, instrumentation and test parameters have 
been described previously (Rotteveel et al., 1985, 1986). The ACRs 
were recorded in 65 preterm infants. The infants were devided in 5 
groups according to their gestational age (GA) at birth (Table XII, 
I). Altogether 254 BMC ARs records derived from the vertex and central 
temporal areas after binaural stimulation were obtained twofold, at 
maximally 8 conceptional age (CA) levels, numbered 1 to 10 (Table XII, 
I). The last conceptional age level at 50-52 weeks is numbered 10, in 
view of the time interval of 3 months between the subsequent 
recordings at full term date and 3 months. 
The recording parameters for the ACRs are summarized in Table IV, II. 
The derivations such as applied are depicted in Fig.XII, 2 and are 
drawn schematically in Fig.IV, 3. In the Initial phase of this study 
the analysis time for the ACRs was 600 ms. This was changed to 1000 
ms, since this analysis time gave a more complete covering of the 
secondary complex of the ACRs. 
For the summation procedure, to produce the composite group averages, 
the records with a 600 ms analysis time had to be omitted. Records 
obscured by artifacts and without replicable waveform components were 
omitted as well. The records were obtained with the Nicolet CA 1000 EP 
device. The recording occurred preferably in awake state but sleep 
could not always be avoided. Simultaneous EEG recording was not 
performed to preserve the simplicity of the test protocol. For the 
group average summation procedure no distinction has been made between 
the records obtained in the different states of vigilance. The 
polarity of the records was chosen such that an upward deflection 
reflects positivity. 
The nomenclature is adapted to the one used by Picton et al. (1974). 
The components in the composite group averages chosen for analysis 
were Na, Pb, PI, N1, P2, N2, P3 and P4. 
In the premature waveform the suffix "p" is added to analogous 
components (P2p, N2p, P3p and P4p) to characterize the premature 
stage. 
Means and standard deviations were calculated from the composite group 
average recordings for the 5 GA groups. The statistical evaluation of 
the individual records will be reported in a subsequent paper. 
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Fig.XII,1: The composite group average ACRs of the gestational age 
group I (born at CA 25-27 weeks) at 8 conceptional age levels. The 
derivations Cz-Al and C3'-A1 are depicted. The different peaks and 
troughs are denominated in the traces. CA = conceptional age; AD 
=right ear; AS = left ear; N = number of infants; N' = number of 
records used for the averaging procedure. 
XII :4 RESULTS 
The composite group averages of the ACRs obtained at the different CA 
levels in group I (25-27 weeks GA) are depicted in Fig.XII, 1. Only 
the central vertex and central temporal derivations obtained after 
binaural stimulation and referred to Al are shown, because no 
noticeable differences were observed between the left and right sided 
derivations in the ACR group averages. The latency and amplitude 
values in Tables XII, II and XII, III concern the means of the group 
averages of the 5 GA groups, obtained In the left sided derivations. 
XII.4.1 Wavefoms 
The waveform of the ACR in young infants and newborns consists of fast 
and slow components, respectively the primary and secondary complex. 
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SURVEY OF THE ACR COMPOSITE GROUP AVERAGES IN PRETERH INFANTS UP TO 
52 WEEKS CA (ADS) 
25-27 weeks CA 
У— 
'--










. - j . ^ - . 
2 / 2 
34-35 weeks CA 
^ £ ^ : r i i ¿ A 
ι—ι ЮО ms 
Fig.XII, 2: The Roman numerals refer to the gestational age groups 
(Table XII, I ). The CA levels at the time of the recordings are 
depicted at the left side of the survey. The number of infants (N) and 
the number of records (N ' ) are printed in the right upper corner of 
each set of recordings. The derivations in the separate sets of 
recordings are: (а) СЗ'-А!, (b) С -Аг, (с) Cz-Al and (d) Cz-A2 from 
above sequentially. The analysis time of 1000 ms includes 250 ms 
prestimulus time. * 1.60 ^ V/division. 
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In the primary complex Na, Pb, Nc, PI and N1 as low voltage peaks and 
troughs are recognizable at 3 months post term date; in the secondary 
complex the high voltage components P2, N2, P3, N3 and P4. At term date 
Pb and PI are fused and P2 is bifid (P2 and P2 ' ). In the ontogenesis of 
the ACR waveform changes predominate the latency changes. The primary 
and secondary complex undergo changes in complexity and are recognizable 
from 25 weeks on (Figs.XII, 1 and XII, 2). The survey of the ACR 
composite group averages (Fig.XII, 2) contains some composite with only 
few summations, especially at 36 weeks. In view of the completeness of 
the survey they are shown yet. The waveform shows a characteristic 
transition around the full term period from the premature to the adult 
shape at 3 months. The transitional period starts at about 36 weeks and 
is very prominent at term date. The test protocol did not allow a more 
closely spaced observation of the post term development between term and 
three months. The premature waveform is characterized by a long lasting 
negativity, N2p. The denomination of the peaks and troughs of the 
secondary complex in the premature stage of the ACR is characterized by 
addition of the suffix ρ to the chosen symbol. Thus: P2p, N2p, РЗРАр, 
РЗр and P4p. This negativity is preceded by a low voltage shorter 
positivity and negativity and is followed by a slow positivity. We 
called this fast negative trough Na, followed by PbPl because in the 
course of development PbPl separates into Pb, Nc and PI at three months, 
though often obscured (Fig.XII, 2). When P2 becomes more prominent, also 
N1 becomes more distinguishable. Initially, before 30 weeks CA, P2p is 
not more than a notch in the descending negativity N2p, which follows 
PbPl. At term date P2, the hallmark in the ACR analysis in the mature 
waveform is often bifid if recognizable at all. 
Occasionally P2, P2 ' and P3 are identifiable in the central vertex 
derivations at term date and in the central temporal derivations at 
36-37 weeks CA (Fig.XII, 2). Before 37 weeks CA P2p is of lower voltage 
than PbPl. In view of the time localization the premature negativity was 
labeled N2p; N2 for its time domain, ρ for the premature stage. N2p is 
distinguishable over the central temporal areas before it can be 
recognized at the vertex. It remains more prominent over the central 
temporal areas, except at term date, at which level the whole record 
shows a very low voltage. To what extent the negativity N2 at three 















































































































Means and standard deviations of the mean of the latencies of the 
composite group averages of the ACRs of the 5 GA groups at the 
different CA levels. The values of the curves obtained from the left 
central temporal derivation are tabulated. CA = conceptional age; N 
mumber of infants; N' = number of records averaged for the composite 
curves; η = number of composite curves at the different CA levels. 
When less group averages are used in the calculations, the actual 
number is printed in parentheses. * = calculated means and SD of the 
individual records of the infants in the mature control group. 
A similar increase and decrease in amplitude, followed by a 
transitional phase in the term period and a more complex waveform 
thereafter, can be noticed for the slow positivity, labeled P3P4p. 
Between about 34 weeks CA until the term period the slow high voltage 
positivity, called P3P4pf separates in two positivities, labeled P3p 
and P4p. 
XII.4.2 Latencies 
The measurements of the mean latencies of the ACR composite group 
averages of the different gestational age groups obtained at the 
various CA levels are tabulated for some components for the left sided 
derivations in Table XII, II. Na shows a latency decrease from 28 ms 
at 28-29 weeks CA to 16 ms at 3 months. PbPl decreases from about 100 
ms to about 80 ms at term date. At three months post term Pb can be 
recognized at about 35 ms, Nc at about 50 ms and PI at about 80 ms· 
(Fig.XII, 2). N1 decreases in latency from about 140 ms in the preterm 
period to about 100 ms at three months. 
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TABLE XII, III: MEANS AND 50s OF THE AMPLITUDE VALUES OF THE ACR 
COMPOSITE GROUP AVERAGES: 25-52 WEEKS CONCEPTIONAL 
AGE (pV), СЭ'-Al AND Cz-Al 






























































































0 .1*1 .3* 
0.6*2.0* 
Means and standard deviations of the amplitudes of the composite group 
averages of the ACRs of the 5 gestational age groups at the different CA 
levels. The components P2P, P2 and N2p, N2 for the vertex and central 
temporal derivations, and P3P4p and РЗр, P3 are tabulated. The symbols 
used are similar аз the ones in Table XII, II. 
P2p, initially a low voltage small notch and after term date growing 
into a broad high voltage component P2, shows a changing 
latency, parallel with the changes in waveform. All slow late components 
show a considerable variability in latency. N2p shows a latency of 
200-250 ms. At term date the latency is difficult to define because of 
the presence of P2 and P2 ' which are often fused and, therefore, 
influencing the latency measurement of the subsequent negative 
component. P3, N3 and P4 occur in the 300 to 600 time domain. The 
breaking up of P3P4p into РЗр and P4p, and the appearance of P2 are the 
major developmental occurences in the secondary complex. 
XII.4.3 Amplitudes 
The amplitude values of the components of the primary complex do not 
show important changes at the different CA levels for Na (-0.2 to -0.9 
pV). PbPl becomes more clear when the amplitude slightly increases (-0.1 
to 0.6 μν). The amplitudes of N1 fluctuate across the CA levels from 
-1.9 μν (32-33 weeks CA) to 0.2 μν (50-52 weeks CA). Of interest are the 
amplitude changes of the slow late components (Table XII, III), especi­
ally comparing the central vertex with the central temporal derivations. 
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Except for at term date, the P2p and P2 amplitudes are more prominent 
at the central temporal areas. N2p and N2 are more negative at the 
central temporal areas at all CA levels measured. The amplitudes of 
the P3P4p complex increase between 25 and 30 weeks CA. Around 30 weeks 
P3p becomes separated from P4p and shows a gradual amplitude decrease 
to 3 months post term date (P3). 
XII;5 DISCUSSION 
XII·5.1 Nomenclature 
The denomination of the peaks and troughs of the premature and 
transitional waveforms of the ACRs is very difficult. 
Weitzman 4 Graziani (1968) labeled the prominent negativity in the 
very preterm infants "Nl" with a latency of 180-270 ms and the 
subsequent slow positivity "P2" (600-900 ms). The labeling occurred 
retrogressively from the adult waveform. If the components N1 and P2 
would be identical in the premature and adult waveform, the latency 
change towards the adult waveform as reported would be tremendous. We 
labeled the negativity according to the one in about the same time 
domain as in the waveforms in the control infants. Thus we called the 
premature negativity N2p and the positivity P3P4p. One has to realize 
that the generation of the components is expected to become more 
complex during the development of the auditory system, especially with 
respect to the ACRs. Labels for a component should therefore not be 
identified with specific generators, since these are still largely 
unknown. Differences in naming the components lead to different 
conclusions regarding the changes in latency and amplitude as a 
function of increasing age. Waveform changes should be evaluated 
carefully, since they are most important as the hallmark for 
conclusions on the maturation of the ACRs. The increasing waveform 
complexity reflects the increasing complexity of the generation. We 
labeled the primary complex Na, Pb, Nc, PI and N1 at term date. 
Retrogressively Na and PbPl remain identifiable as component. The 
latencies overlap those of the MLRs, but in view of the recording 
parameters, the components of the primary complex are not necessarily 
identical with the similarly labeled components in the MLRs. The 
transitional waveform is particularly determined by a bifid P2N2 





1 2 3 4 5 6 7 10 
conceptional age groups 
F ig.XII, 3: Mean latencies of the ACR composite group averages of the 
components N1, P2p, P2 and N2p, N2 at the 8 conceptional age levels. 
Values cfr. Table XII, II. 
The identification of these separate components is often hard, because 
of the low voltage and unfavourable signal-to-noise ratio. This 
identification problem influences the latency measurements. It might 
as well explain the latency differences of the P2 and N2 components at 
38-40 weeks between the control group and the group averages of the 
preterm infants (Table XII, II). 
XII.5.2 Developmental features 
The ACR maturational changes are predominantly characterizecl l>y 
complex morphology changes. Despite the nomenclature differences, as 
discussed above, our findings are consistent with the description of 
Weitzman 4 Graziani (1968). In the maturational studies with respect 
to the ACRs attention was mainly given to the slow late components 
(Weitzman 4 Graziani, 1968; Akiyama et al., 1969; Graziani et al., 
1974; Schulte et al., 1977; Kurtzberg et al., 1984). Weitzman 
considers the Na component to be of myogenic origin, whereas we 
consider that both myogenic and neurogenic generators contribute to 
the potential. 
The transitional waveform, appearing after the typical premature 
complex, emerges about 36 weeks CA with a bifid P2-N2 and a P3-N3-P4 
complex. At three months post term date P2 and N2 are the hallmark in 
the complex as concluded by Graziani et al. (1974) as well. In 
contrast with Graziani we also observed a prominent P3P4 slow wave 
before 32 weeks CA, particularly in the central temporal derivations. 
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Fig.XII, 4: Amplitude differences between the central vertex and 
central temporal derivations for P2p, P2 and N2p, N2 in the composite 
ACR group averages: 25-52 weeks conceptional age. The left sided 
figure shows the amplitudes for P2p and P2, the right sided figure 
shows the amplitudes for N2p and N2. The light dotted bars refer to 
the derivations from the central temporal areas. The dark dotted bars 
refer to the central vertex derivations. See also Table XII, III. 
The latency and amplitude decrease of the slow N-P components as 
described by Weitzman 4 Graziani (196Θ), Graziani et al. (1974) and 
Schulte et al. (1977) is largely dependent on the nomenclature of the 
components at the different conceptional age levels. We did observe 
latency changes in the primary complex but not in the slow components 
(Table XII, II; Fig.XII, 3). The amplitudes of the slow components 
show topographically determined changes as well as changes determined 
by the conceptional age. Noteworthy is the amplitude dominance of the 
slow components at the central temporal areas over the vertex deriva­
tions, except in the transitional phase (Fig.XII, 4). 
In contrast to the conceptional age, the gestational age at birth or 
the degree of prematurity does not have a noticeable impact on the 
waveform of the ACRs (Fig.XII, 3). Schulte et al. (1977) did not find 
differences between preterm infants and mature newborns with respect 
to the ACRs, though he noted them for the visual evoked potentials. 
Kurtzberg et al. (19Θ4) using tone bursts and speech sounds as 
stimuli, observed a maturational delay of the term waveform in 
preterms compared with mature newborns. It seems that the maturational 
differences between mature and premature infants at term date are 
dependent on stimulus modality and type of stimulation. 
2 Р г р ^ 
1-
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г-
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ri 1 1
 \f lK. 
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XII.5.3 In conclusion 
The composite ACR group averages reflect sufficient intregroup 
stability of the responses in order to show consistent waveform 
complexes from which developmental characteristics can be analised for 
groups of infants. Stable parameters can be chosen for further 
analysis of the individual records. Further, more detailed analyses 
will be reported in a subsequent paper. No important differences are 
noted between the ACRs, obtained in the 5 GA groups of infants at the 
different CA levels. 
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C H A P T E R X I I I 
THE MATURATION OF THE CENTRAL AUDITORY CONDUCTION IN PRETERM INFANTS 
UNTIL THREE MONTHS POST TERM: V. The auditory cortical response (ACR) 
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XIII;1 ABSTRACT 
Auditory cortical evoked responses (ACRs) were recorded in 65 preterm 
infants, on at least 3 occasions with 48 of them. The infants were 
divided into 5 groups according to their gestational age (GA). The 
recording sessions were performed at θ conceptional age (CA) levels, 
defined as the gestational age added to the chronological age. The 
last recordings were obtained at 50-52 weeks CA. The ACRs were 
analysed for the primary complex containing middle latency components 
(MLR) and the secondary complex, containing the slow late components. 
The ACR records first appeared at about 25 weeks CA, initiating the 
premature stage followed by a transitional stage around term date and 
the gradual development into the mature stage, achieved at 50-32 weeks 
CA. The detectability rate of the various compunents generally 
increase with increasing conceptional age for some of the components, 
especially N2p and N2. This rate achieved a value of about 80S. The 
degree of prematurity did not influence appreciably the development of 
the ACR. The waveforms, and to a lesser extent the latency and 
amplitude values, are strongly age dependent. Remarkable topographic 
differences between the ACR parameter latency and more importantly 
amplitude values, are found between the derivations from the vertex 
and the central temporal areas, supporting the theory of different 
generation sites for the ACR components. The premature and mature ACR 
appeared relatively insensitive to changes in the states of 
vigilance. The ACR in premature infants is useful in developmental 
studies with respect to the central audition in premature infants and 
might contribute in the clinical assessment to the guality of the 
premature central auditory system. Further clinical pathological 
correlative studies are, however, needed for this purpose. 
XIII;2 INTRODUCTION 
The analyses of auditory cortical responses (ACRs) in preterm infants 
has been described at some length. Developmental features with respect 
to the components N1, P2, and N2 are reported by Weitzman 4 Graziani 
(1968). Davis 4 Onishi (1969) reported on the maturation of the Vertex 
potential, which appears to be complete some weeks after full term 
date. During the 4 months after term date only a slight decrease of 
latency and variability was noted. Graziani et al. (1974) studied the 
components N1 and P2 in premature infants with a conceptional age of 
28 to 41 weeks. The ontogenesis of the ACRs suggests that the onset of 
the cortical level function with respect to auditory stimuli takes 
place when the ear canal is still closed, the middle ear is not well 
ossified, the inner ear is only partially developed and the 
subcortical pathways are in the process of their anatomical maturation 
(Ehret, 1983). 
In β previous study we described the ACR developmental features by 
means of the composite group averages in preterm infants in a 
phenomenological way (Rotteveel et al., 1986d). The most outstanding 
feature was the change in the waveform of the ACR complex, rather than 
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Fig.XIII, 1: The grand composite group averages of the ACR, obtained 
after binaural stimulation at 8 CA levels. Upward deflections reflect 
positivity. The derivations from the vertex and central temporal area 
referred to A2 are shown. The traces are a result of summation of the 
group averages as previously reported (Rotteveel et al., 1986d). CA = 
conceptional age; ADS = right and left ears; N = number of infants; N' 
= number of summed records. These numbers are not equal to the numbers 
in the present study (Table XIII, I). 
latency and/or amplitude changes as seen in the development of the 
brainstem (ABR) and middle latency (MLR) auditory evoked responses 
(Fig.XIII, 1). After the appearance of the ACR at about 25 weeks 
conceptional age (CA), three developmental stages can be recognized. 
The premature stage, up to about 36 weeks CA, is characterized by a 
negativity and subsequent positivity. This is followed by a 
transitional stage, in which mainly low voltage records are obtained 
with components which are difficult to identify. Finally the adult 
wave form morphology appears gradually, starting between term date and 
3 months there after. 
C z - А г ADS 
s t i m u l u s 
N/N СЦ-А 2 ADS 
s t i m u l u s 
P3P4p 
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From the composite group averages at 3 months post term, a primary and 
secondary complex were determined. The primary complex consisted of 
low voltage relatively fester waves: Na, Pb, Nc, PI and N1. Initially 
Na and PbPl were the easiest to identify. During the period between 25 
and 52 weeks, the group averages showed a latency decrease 
concurrently with a separation of Pb and PI. The secondary complex 
consisted of high voltage waves in the premature and mature stages: 
P2, N2, P3, N3 and P4. In the premature stage of development those 
components are additionally characterized by the suffix p. 
Besides the wave form changes, topographic differences in amplitude 
values were observed in the composite group averages between the 
central vertex and the central temporal derivations. This occurred 
both in the premature and the mature stages. 
The application of the ACRs for clinical purposes in premature and 
young infants needs the delineation of the developmental and 
topographical characteristics as well as of the detectability rate of 
the different components in individual cases. 
The goal of this communication is to elaborate on the findings in the 
analyses of the individual records of the premature Infants. The 
detectability rates for the different components were determined. The 
influence of the degree of prematurity and of the state of vigilance 
on the latency and amplitude parameters and the changes of the 
parameters as a function of the CA levels have been examined 
statistically. The differences between the four derivations have been 
investigated also. 
XIII:3 MATERIAL AND METHODS 
XIII.3.1 Infants 
The ACR recordings were obtained in 65 premature infants. In 4Θ of 
them the ACRs were obtained on at least 3 different occasions, 
preferentially biweekly between 25 and 41 weeks conceptional age (CA) 
and mostly 3 months post term. The recording results of the other 17 
infants, obtained only once or twice, were added to the data of the 48 
infants in the calculations of the means, standard deviations and the 
rates of detectability of the different ACR components. The ACR 
recordings were obtained as a part of a protocol which also 
comprised the ABR and MLR recording. The infants were investigated 
neurologically at each day of recording and further by transfontane1-
lar echo encephalography and polygraphic electro encephalography. 
After exclusion of premature infants with congenital, infectious, 
asphyxie or dysgenetic brain damage and the infants with persisting 
abnormalities on the neurological examinations, 65 infants remained 
from a larger group. 
In order to determine the influence of the degree of the prematurity 
on the ACR parameters the infants were divided into 5 groups according 
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Total 65 253 3.9 
* 25 weeks = 25 weeks and χ days (x= 0, 1, ...6) etc. 
to their gestational age. The gestational age (GA) of the infants was 
determined by the mother's last menstruation date as calculated by the 
obstetrician. In doubtful cases the full Dubowitz Maturational Scale 
(Dubowitz 4 Dubowitz, 1970) and the Narayanan Score (Narayanan et al., 
1982) were used. The numbers of recording sessions in the different GA 
groups are tabulated in Table XIII, I. The recordings were performed 
at 8 CA levels (Table XIII, II). The conceptional age is defined as 
the gestational age added to the chronological age. 
The number of recording sessions per infant varied from 1 to 7. The 
state in which the recordings were obtained, was preferably the awake 
state, although sleep was not an exclusion criterion. The records were 
thus obtained in various states (Table XIII, II). Artificial 
ventilation was considered as a separate state. 
XIII.3.2 ACR protocol 
The test conditions, instrumentation and the test parameters have been 
described previously (Rotteveel et al., 1986a/d). The records were 
obtained with the Nicolet CA 1000 EP unit, in the intensive care unit 
for prematures and, where possible, in a guiet room of the pediatric 
EEG unit. The ACRs were performed binaurally at 70 dB. The zero dB 
setting corresponds to 30 dB eq. SPL. The tests were performed twice 
by 64 or 128 broad band rarefaction clicks of 1 ms duration. The 
stimuli appeared randomly, with a mean rate of 0.5/sec. The bandpass 
was 1 to 30 Hz, as advocated by Owen A Matsusaka (1982). The filter 
roll-off was 12 dB per octave. The analyis time was 1000 ms, including 
25 % prestimulus time. Data were acquired from four channels with each 
256 sample points. Miniature silver chloride EEG electrodes were 
attached to the prepared skin with collodion glue at Cz, according to 
the 10-20 system, at the preauricular sites Al and A2. Also at C3' and 
C4 ,, which Is half the distance Cz to the preauricular sites. The 
ground electrode was positioned at Γζ. The derivations as applied were 
the vertex central derivations Ll=Cz-A2 and L2=Cz-Al, and the central 
temporal derivations L3=C4,-A2 and L4=C3,-A1. For 3 recordings the 
central temporal derivations were missing. The measurements were 
performed on the addition of the ACR duplicates. The records were 
analysed by visual inspection, using the duplicates and their sum, and 
also using the composite group averages in a comparative manner, by 
two judges. Discrepancies in labeling the components resulted in 
omission of the record for further analyses. The latency measurements 
occurred at the middle of the peaks and troughs to be determined. If 
the components were shallow or rounded, the upward and/or downward 
deflections were extended. The points of intersection were then taken 
as the points of measurement. 
235 
TABLE XIII, II; ACR RECORDING SESSIONS AT θ CA LEVELS 
Conceptional Age Infants Recording State of vigilance*** 
Level Weeks* Sessions SI. Tr. Aw. Rest!. Art.Vent. 
1 25-27 8 10 1 3 3 . 
2 28-29 13 17 4 5 3 1 
3 30-31 25 26 5 9 10 1 
4 32-33 34 39 3 6 21 3 
5 34-35 37 38 5 14 18 
6 36-37 29 32 2 7 18 2 
7 38-41 35 42 2 8 25 
10** 50-52 49 49 . 8 31 10 
25 weeks = 25 weeks and χ days (x= 0, 1, 6) etc. 
The last CA level has been numbered 10 in view of the time gap 
between the term date and three months thereafter. 
If there were different states for an infant within a CA level 
one of them was chosen. Abbreviations: 51. = sleep; Tr. = 
transitional sleep; Aw. = awake state; Resti. = restlessness; 
Art.Vent. = artificial ventilation. 
The amplitudes were measured with respect to the baseline voltage, and 
the latencies with respect to the onset of the stimulus. The polarity 
of the records was chosen such, that an upward deflection always 
reflected posltivity. 
The following parameters were chosen for visual analysis: Na, PbPl, 
Pb, PI, N1, P2p, P2, P2', N2p, N2, P3P4p, P3p, P3, N3p, N3, P4p and 
P4. The suffix ρ has been used for the slow components of the ACR in 
the premature stage of development (Fig.XIII, 2). In the transitional 
stage of development P2' occurred, but was usually hard to delineate 
(Rotteveel et al., 1986a). 
XIII.3.3 Statistical Methods 
The mean values and standard deviations for the different ACR 
parameters and the detectability rates were calculated for each CA 
level. The influence of the degree of prematurity was investigated by 
one-way analyses of variance both for CA level 4 and 10, followed by 
pairwise comparisons according to Scheffé (1959). Topographic 
differences in the ACR values between the different derivations LI to 
L4 were examined per CA level by means of two-way analyses of variance 
(mixed model) with the derivation as fixed factor and the infant as 
stochastic factor. Subseguently, the multiple comparison method of 
Scheffê was applied to compare pairwise the derivations and to compare 
the composed left with the composed right derivation, and to compare 
the composed vertex central with the composed central temporal 
derivation. In these analyses, only complete sets of four observations 
from a recording session of an infant were used. With respect to a 
part of the parameters, the influence of the conceptional age was 
investigated by means of two-way analyses of variance (mixed model) 
with the CA level as fixed factor and the infant as stochastic 
factor. The latter tests were not guite exact, because for a part of 
the cells of the two-way layouts, observations were missing. To 
examine pairwise differences, simultaneous multiple comparison tests 
were performed according to Scheffé. 
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ACR ADS, 70 dB 
С A weeks 26 
stimulus 
Fig.XIII, 2: Single ACR records at 8 CA levels, as denoted in the 
figures. All four derivations are shown and denominated in the left 
upper record. For symbols: see Fig.XIII, 1. 
Also, with respect to various ACR parameters, the differences between 
the CA levels 1 and 2 and between the CA levels 7 and 10 were studied 
by means of paired Student's t-tests. 
The influence of the state of vigilance was examined per CA level by 
Student's t-tests for two samples or by means of one-way analyses of 
variance, followed again by pairwise comparisons according to Scheffé. 
Before performing any of the above-mentioned calculations and 
analyses, the observations or differences of paired observations for 
an infant at different times within the same CA level have been 
averaged. The influence of the conceptional age and of the state of 
vigilance was studied for the mean vertex and mean central temporal 
derivations. For that purpose the data of the sides referring to Al 
and A2 were previously averaged or were simply taken from one side, if 
the other side had a missing observation. The computations were mainly 
carried out by means of the SAS program package. 
XIII:A RESULTS 
XIII.4.1 DetectaMHty rate 
The percentages of detectability of the primary and secondary complex 
of the ACR were calculated for the mean derivation Ll-2 =0.5(Ll4L2) 
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Fig.XIII, 3: Detectability rates for the ACR components of the primary 
and secondary complex, as denoted in the figure. The detectability 
rates in the mean central temporal derivation L3-A = 0.5 (L3 + L4) are 
shown. The mean central vertex derivation Ll-2 = 0.5 (LI + L2) show 
similar rates. 
About the same results were found for the two mean derivations. The 
percentages of detectability for L3-4 are depicted in Fig.XIII, 3. 
Though the percentages generally increase with increasing conceptional 
age, often a decrease is noted in the transitional stage, especially 
with respect to the secondary complex. Except for N2p and N2, the 
detectability rate for the different peaks and troughs in the present 
study did not exceed 80 5S. 
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XIII.4.2 The degree of preaaturity 
To investigate the influence of the gestational age or degree of 
prematurity on the ACR parameters, the mean latency and amplitude 
values were calculated for the GA groups I to V separately for each of 
the four derivations and for each of the conceptional age levels. 
Previously, measurements from the same infant for a CA level were 
averaged. One-way analyses of variance both for the CA level 4 and 10 
were performed per derivation to compare the 5 GA groups. Altogether 
in 10 of the 130 tests a significant result (p £0.05) was achieved. A 
significant amplitude difference occurred 4 times at CA level 4 and 
once at CA level 10. A latency difference was established 5 times at 
CA level 10. Subsequent analyses by means of the multiple comparison 
method according to Scheffé did not show a persistent trend in the 
differences as a function of the degree of prematurity. 
The only remarkable feature noted was a general tendency that in the 
average the means of the GA groups IV and V to be longer than those of 
the GA groups I and II with respect to the latencies at CA level 10. 
This was not the case at lower CA levels. It was decided to combine 
the data of the GA groups I to V in the further analyses. 
XIII.4.3 Topography 
The latency and amplitude differences between the 4 derivations were 
analysed per CA level by means of two-way analyses of variance (mixed 
model) with the derivation as fixed factor and the infant as 
stochastic factor. Only complete sets of 4 observations were used. The 
number of infants available for such an analysis was generally about 
20% less than the smallest of the numbers for the 4 derivations as 
given in the Appendix: Tables XIII, IV and XIII, V. All values 
obtained at different times within a CA level for an infant were 
previously averaged. The means, on the basis of these analyses of 
variance, generally deviate at the most 3% respectively 0.2 pV from 
the means in Tables XIII, IV and XIII, V. They are not presented 
here. The hypothesis of equal means for the 4 derivations was tested. 
According to the multiple comparisons method of Scheffé, pairwise 
differences were subsequently examined and the mean Ll-2 of the vertex 
derivations were compared to the mean central temporal derivation 
L3-4, as were the mean Ll-3 of the right derivations to the mean left 
derivation L2-4. 
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Significant (ρ <0.05) differences were only found between LI and/or 
L2, and L3 and/or L4. Most differences occurred with respect to the 
amplitudes. 
Latencies primary coaplex 
for the latencies of the components in the primary complex no 
significant topographic differences were found (p >0.05) according to 
the analysis of variance, except for PbPl at CA level 5 (p=0.03). This 
was mainly due to a significantly (p=0.04) longer latency time of 
about 7 ms for LI as compared to L4. 
Latencies secondary сояріех 
The secondary complex showed significant topographic differences for 
various components. These significances applied to longer latencies 
for the central temporal compared to the vertex derivations. According 
to the two-way analyses of variances the most important latency 
differences were found for P2 at CA level 7 and 10 (p<0.001), for N2p 
at CA level 4 (p <0.001), and for P3p at CA levels 4 (p <0.001), 5 
(p=0.007) and 6 (p=0.01). Subsequent Scheffé analyses showed for P2 
significantly longer latencies of about 10 ms for LI and L2 compared 
to L3 end L4, and Ll-2 as compared to L3-4 at CA level 7 (p £0.008) 
and at CA level 10 (p <0.01), with the exception of LI as compared to 
L3 and L4. For the same comparisons (with the exception of LI as 
compared to L4) significant differences of about 15 ms were found with 
respect to N2p at CA level 4 (p _<0.04). With regard to P3p the 
significant differences between central temporal and vertex varied 
from about 20 to 30 ms (CA level 4: ρ <0.001; CA level 5: ρ £0.03, 
only between LI and L3, and between Ll-2 and L3-4; CA level 6: p=0.01 
only between Ll-2 and L3-4). Otherwise, no clear latency differences 
were found. 
Amplitudes ргішагу coaplex 
Amplitude differences occurred to a greater extent than latency 
differences. They are seen predominantly in the secondary complex of 
the ACR (Table XIII, V ) . It reflects the wave form evolution between 
25 and 52 weeks CA. 
According to the two-way analyses of variance for the primary complex, 
the most important differences were found with respect to Na at CA 
level 2 (p=0.02) and at CA level 5 (p=0.007), and with respect to Pb 
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TABLE XIII, III: TOPOGRAPHIC AMPLITUDE DIFFERENCES OF SOME ACR 
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Ll-2 < L3-4 
Survey of the topographic amplitude differences within the secondary 
complex of the ACR obtained at 8 conceptional age levels (See Table 
II). The p*-values are the results obtained by testing the hypothesis 
of equal derivation means by a two-way analysis of variance (mixed 
model). The p**-vaiues are the testing results obtained by the multiple 
comparison method according to Scheffé, comparing pairwise the 
different derivations: Ll=Cz-A2, L2=Cz-Al, L3=C4'-A2, L4=C3'-A1; and 
comparing the combined derivations Ll-2=0.5(Cz-A2+Cz-Al) and L3-4= 
0.5(C4'-A2+C3'-A1); An * means that ρ > 0.05. The sign of a 
significant pairwise difference not mentioned in the last column is the 
same as the sign of the difference between Ll-2 and L3-4. 
at CA level 10 (p=0.05) and to PbPl at CA level 2 (p=0.03). Subsequent 
multiple comparisons according to Scheffé showed that Na was less 
negative for Ll-2 compared to L3-4 at CA level 2 (p=0.02) and for L2 
compared to L3 at CA level 5 (p=0.02). PbPl was at CA level 2 more 
positive for Ll-2 compared to L3-4 (p=0.03). Pb was at CA level 10 more 
positive for L4 compared to LI (p=0.05). 
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Amplitudes secondary coaplex 
As regards the secondary complex, for the components P2', P3p, P3 and 
P4 no significant topographic differences could be shown by means of 
the two-way analyses of variance (p >0.05). The results of the two-way 
analyses and the Scheffé multiple comparisons for the components P2p, 
P2, N2p, N2, N3p, N3 and P3P4p are shown in Table XIII, III. From Table 
XIII, III and from Appendix: Table XIII, V one observes among other 
things that the absolute amplitudes for P2p at CA levels 2, 3 and 4 
are higher in L3 and L4; N2p and N2 are more negative in L3 and L4 at 
all levels, except for CA level 7. 
XIII.4.4 The Influence of the conceptional age 
The means and the standard deviations for all latency and amplitude ACR 
parameters (after previously averaging these parameters for each infant 
separately) were calculated per CA level and per derivation (Appendix: 
Tables XIII, IV and XIII, V). Since no significant topographic 
differences were found between LI and L2, the further analyses of the 
data for LI and L2 were averaged or were just taken from one derivation 
if the other failed, to obtain the mean central vertex values (Ll-2). 
Similarly the mean central temporal values (L3-4) were obtained. Also, 
where relevant, measurements from the same infant within the CA level 
were averaged. The course of the mean latency values for L3-4 is shown 
in Fig.XIII, 4. The course of most amplitude means is shown for both 
Ll-2 and L3-4 in Fig.XIII, 5. 
To study the differences between the conceptional age levels with 
respect to the ACR parameters, two-way analyses of variance (mixed 
model), with the infant as stochastic factor and the CA level as fixed 
factor, were applied both for the mean central vertex and the mean 
central temporal derivation. After averaging the data per infant, each 
cell of a two-way layout contained at the most one value. Layouts with 
a large number of empty cells were avoided. Therefore, two successive 
analyses have been carried out with respect to Na, PbPl, P2p and N2p. 
The first one concerned only the CA levels 1 to 4 (GA group I and II) 
and the second one was performed for the CA levels 3 to 10 (Na, PbPl), 
or 3 to 6 (P2p, N2p). The latter analysis was also applied for P3p and 
N3p. Additionally, infants with only one (mean) value for one of the 4 
or 6 cells were omitted. Generally the number of observations remaining 
for the analyses of variance concerning the CA levels 3 to 6 or 3 to 10 



























— ι 1 ι ι 1 1 
30 35 
до 
¿s 50 55 
С A weeks 
Fig.XIII, 4: Means and standard deviations of ACR latency values (ms) 
at 8 CA levels obtained in the mean central temporal derivation (L3-4) 
(Appendix: Table XIII, IV). 
After testing the hypotheses of equal theoretical means for the CA 
levels, the simultaneous Scheffé analyses were applied to the palrwlse 
differences between the CA levels (for CA levels 3 to 6, or 3 to 10; 
Fig.XIII, 6). In this context no CA means are presented. Estimates for 
the latency means on the basis of additive two-way analyses of 
variance generally deviate little from the means as shown In Fig.XIII, 
4 . This was normally less than ЭЙ. Similar estimates for the 
amplitude means deviate 0.4 pV to 0.5 pV from the means given In 
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Fig.XIII, 5: Means and standard deviations of ACR amplitude values 
(pV) at θ CA levels in the mean central vertex derivation (Ll-2) and 
mean central temporal derivation (L3-4) (Appendix: Table XIII, V). 
Finally, as regards the remaining parameters, paired Student's t-tests 
were applied to the parameter value differences between successive CA 
levels 1 and 2 (P3P4p) and the CA levels 7 and 10 (N1, P2, N2, P3, N3 
and P4), to compare the mean vertex central and the mean central 
temporal derivation. 
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Paired Student's t-tests were applied to the parameter value 
differences between successive CA levels 1 and 2 (P3P4p) and the CA 
levels 7 and 10 (N1, P2, N2, P3, N3 and PA), to compare the mean 
vertex central and the mean central temporal derivation. 
Latencies, primary coaplex 
With respect to Na the hypothesis of equal means for the CA levels I 
to 4 had to be rejected for Ll-2 (p=0.006) and for L3-A (p=0.002). The 
subsequent multiple comparison test according to Scheffé gave a 
significantly longer latency at CA level 1 when compared to CA level 
2, 3 and 4 in Ll-2 (p <0.03) and to CA level 3 and 4 for L3-4 
(p <0.006). The second analysis of variance revealed only a 
significantly lower mean at CA level 10 compared to the CA levels 3 to 
7. With respect to PbPl the hypothesis of equal means for the CA 
levels 1 to 4 could not be rejected (p >0.05). An irregular decrease 
was found from CA level 3 to CA level 10 (Appendix: Table XIII, IV; 
Figs.XIII, 4 and XIII, 6). Between the CA levels 7 and 10 the 
component N1 showed a significant latency decrease in L3-4 (paired 
Student's t-testsî p=0.007). 
Latencies, secondary coaplex 
The hypothesis of theoretical equal means for the CA levels 1 to 4 
could not be rejected with respect to the late components. The 
analysis of variance for the CA levels 3 to 6 revealed clearly 
decreasing latencies with increasing conceptional age for P3p and to a 
lesser extent for N3p. The components N2 (p <0.001) and P3 (p£0.006) 
showed shorter latencies in Ll-2 and L3-4 at CA level 10 compared to 
CA level 7, while the component N3 only showed a shorter latency 
(p <0.001) in Ll-2 at CA level 10 compared to CA level 7 (paired 
Student's t-tests). 
Amplitudes, ргішагу сояріех 
The analyses of variance for the CA levels 1 to 4, and for the CA 
levels 3 to 10 did not show significant changes in the amplitudes 
except PbPl in L3-4 where a larger amplitude was demonstrated at CA 
level 10 compared to CA levels 3, 4 and 5. The trough N1 showed a 
higher absolute amplitude value at CA level 10 in Ll-2 compared to CA 
level 7 (paired Student's t-tests: p=0.004). 
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Fig.XIII, 6: Summary of 
the test results with 
respect to pairwise 
comparisons between the 
CA levels 3 to 6, or 3 
to 10 (Appendix: Tables 
XIII, IV and XIII, V; 
Figs.XIII, 4 and XIII, 5) 
for the ACR latencies and 
amplitudes in the mean 
central vertex (Ll-2) and 
mean central temporal 
(L3-4) derivation. The 
p-values are the testing 
results obtained by 
testing the hypothesis of 
equal means for the 
different CA levels 
according to a two-way 
analysis of variance 
(mixed model). The non­
significant differences 
(p >0.05) between two CA 
levels, according to the 
multiple comparison 
method of Scheffé, are 
denoted by common lines. 
Symbols: * CA levels 4/7: ρ >0.05; 
** CA levels 3/10: ρ >0.05; 5/7: ρ <0.05; 
*** CA levels 3/6 and 4/6: ρ >0.05; 
**** CA levels 4/6: ρ <0.05. 
Amplitudes, secondary complex 
The component P3P4p showed a higher amplitude in Ll-2 at CA level 2 
compared to CA level 1 (paired Student's t-test: p=0.02). 
The hypotheses of theoretical equal means for P2p and N2p at the CA 
levels 1 to 4 could not be rejected (p >0.05). The analysis of 
variance for the CA levels 3 to 6 revealed the most significant change 
for N2p, where the absolute amplitude decreased with increasing age. A 
significantly increasing (absolute) amplitude between the CA levels 7 
and 10 was found for P2 in L ^ (p=0.02), for N2 in L3-4 (p < 0.001) 
and for P4 in Ll-2 and L3-4 (p <0.01) by the paired Student's t-tests, 
comparing CA level 7 with 10. 
The fact that a smaller number of significant differences was found 
for the amplitude changes, might partly be due to the large relative 
variation of the data. 
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XIII.4.5 Influence of the state of vigilance 
To investigate the influence of the state of vigilance on the ACR 
parameter values per CA level, Student's t-tests for two samples or 
one-way analyses of variance, followed by pairwise comparisons 
according to Scheffé were performed separately for Ll-2 and L3-4. If 
there were different states for a child within a CA level, one of them 
was chosen. Only states occurring for at least 3 infants were 
considered (compare Table XIII, II). Averaging the data over the sides 
referred to Al and A2 respectively and, where relevant, over two 
times within the same CA level, was performed in a similar way as in 
the preceding section. Because of the lack of data, the state of 
vigilance could not be examined at CA level 1. For the CA levels 6 and 
7, only sufficient data remained for the transitional and the awake 
state. The restlessness state could only be studied at CA level 4 and 
10, while the state of artificial ventilation could not be studied at 
all. The numbers of observations for the sleep state and restlessness 
state were small for each CA level (at most 5, and 10 respectively). 
Nearly 200 statistical tests heve been carried out, from which the 
significant results (p <0.05) are presented in Table XIII, VI. The 
findings seem to be somewhat conflicting. Although also in the 
non-significant cases often larger latency values were observed for 
the restlessness state, a significantly smaller latency mean was found 
on 4 occasions. As regards the amplitudes, a significantly smaller 
(absolute) mean was found several times for the awake state compared 
to the sleep state or transitional state. 
XIII.5 DISCUSSION 
XIII.5.1 Havefor» 
The ACR in premature infants can be defined by its large negativity 
N2p, as first described by Weitzman 4 Graziani (1968). The waveform 
was subdivided in a primary and secondary complex. The secondary 
complex consists of the N2p-P3P4p and N2p-P3p-N3p-P4p sequence. 
Graziani et al. (1974) considered P2p to be absent before 32 weeks 
CA. We denominated the persistingly occurring small bump within the 
trough N2p as P2p, in view of the gradual change of this bump into P2 
at term date. The small negativity Na and the positivity PbPl in the 
primary complex can be recognized at an early age (Figs.XIII, 1 and 
XIII, 2). 
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The early components correspond to the MLR components, as Far as 
recordable in our protocol. Our observations with respect to the 
waveForm development and latency changes are generally in agreement 
with those oF Weitzman regarding the secondary complex aFter 
adaptation oF the nomenclature. WaveForm development and latency 
changes are also in agreement with our observations in the study on 
the composite group averages (Rotteveel et al., 1986d), both with 
respect to the premature, the transitional and the mature stages oF 
ACR maturation. 
XIII.5.2 Topographic properties 
Regarding the investigation oF the topographic difFerences between the 
Four derivations, only signiFicant diFFerences between the vertex and 
temporal areas were Found, in particular, with respect to the 
amplitude values. Latency and amplitude diFFerences are largely 
induced by the waveForm changes. The diFFerences between the vertex 
and temporal derivations concern at some occasions both latency and 
amplitude diFFerences, For instance For P2 at CA level 7 and N2p at CA 
level 4. Amplitude difFerences without waveForm changes were also 
found. For instance, higher (absolute) voltages in L3-4 For Na and 
P3P4p, can be explained by assuming a closer source. At the vertex 
higher (absolute) voltages were Found For PbPl and For N3. These 
varying diFFerences For the diFFerent components strengthen the 
supposition oF diFFerent generator locations For these components. 
XIII.5.3 Conceptional age 
Developmental changes oF ACR latencies and amplitudes are described by 
Weltzman For the secondary complex. In the present study we Found in 
the primary complex a decrease For the latency oF Na with increasing 
conceptional age at the lowest CA levels, and between term date and 
three months thereaFter. The component PbPl showed a more gradual 
latency course, resulting in signiFicant difFerences between the 
various CA levels. The properties oF the component N1 are determined 
by the behavior oF P2 in view oF the large voltage diFFerences between 
the two. In the secondary complex the most significant changes in 
latency between the CA levels 3 and 6 were found For the component P3p 
and in amplitude For the component N2p. Between term date and 3 months 
thereaFter a signiFicant latency decrease was Found For N2, P3 and N3 
in Ll-2 and/or L3-4. 
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The component P2 showed only amplitude differences, which of course Is 
also predetermined by the labeling of the components. These findings 
are again in agreement with our observations in the composite group 
averages. 
XIII.5.4 Generation sites 
The waveform changes, the topographic differences and the ACR 
parameter value changes with increasing CA, point to a differential 
development and generation of the various ACR components. As has been 
previously discussed (Rotteveel et al., 1986a), the generation sites 
of these components are far from being established. 
The mature and the premature ACRs reflect afferent signal processing 
within the central auditory system. The secondary complex can be 
considered to reflect the Integrated influence of the auditory 
cortical levels. The potentials recorded from the scalp stem from 
currents generated by a.o. activated neuronal elements. During the 
ontogenesis of the ACR, huge changes occur parallel in the 
morphological substrates. The lateral surface of the temporal lobe is 
smooth until 23 weeks CA and the delimitation of the middle and 
posterior superior parts coincide with the appearance of the premature 
ACR. The transverse temporal Heschl^s gyrus appears between 28 and 31 
weeks CA. During the last trimester of gestation gyri and sulci become 
deeply folded with a subsequent development of secondary and tertiary 
gyri and sulci at term date and the month thereafter. Simultaneously 
the cortex shows a prominent stratification (Dooling et al., 1983). 
The last development occurs as the ACR waveform obtains its mature 
shape. The premature ACR can be understood from a short circuit 
between the deep and more superficial cortex, due to the higher water 
content of the immature brain (Myslivecek, 1983). In prematures, 
therefore, spatial orientation of the cortex surface is relatively 
unimportant with respect to the electrical field orientation. In the 
animal model, Myslivecek described a small negativity at the cortical 
surface, probably from subcortical origin. This was followed by a 
surface positive-negative complex. Ρ was attributed to deeper cortical 
elements and N to the superficial cortex. Animal findings, however, 
should be regarded cautiously with respect to inference to the humans. 
This is particularly more important the more rostral one proceeds in 
the CNS. At term date, as the tertiary gyri appear, the mature 
waveform becomes identifiable. 
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The cortex itself probably generates most of the ACR activity and the 
orientation of the gyri should now contribute to the "W" shaped ACR. 
P2 however, appears earlier and is distributed at term date more 
prominently over the vertex. A deeper source for P2 should, therefore, 
be postulated. Functional correlative studies also support a 
different generation for the ACR components. So postulated Eisenberg 
(1983) for P2, which appeared more prominently over the vertex than 
temporally, a generation by an alerting reaction. Other processes in 
audition were associated with N2. Correlative studies In infants with 
known anatomical lesions and abnormal ACR waveforms should give 
additional evidence with respect to the generator sites, especially in 
the very young age groups. 
XIII.5.5 Detectability 
For the clinical application of the ACRs the detectability rates of 
about 80% for the most prominent components seem poor. Repeat 
recordings might decrease this problem. For clinical purposes N2p, N2 
and P2 are the most useful components. In mature infants P2 and N2 are 
considered the hallmark in the records (Ohlrich et al., 1978; 
Rotteveel et al., 1986a). In the premature records, N2p is the most 
stable component of the ACR. This has also been noted by Ellingson et 
al. (1974) and Weitzman 4 Graziani (1968). 
Although the ACR can be detected before the ABR in premature infants 
(Starr et el., 1977), we found that in general the detectability of 
N2p, P2 and N2 was comparable with the detectability of the prominent 
peaks and troughs of the ABR and MLR components at the different CA 
levels (Rotteveel et al., 1986b,с). 
XIII.5.6 Gestational age 
It seems that the influence of the degree of prematurity had little 
effect on the development of the ACRs. A longer follow up study might 
show at some later stage differences which are not yet detectable at 
such an early stage. For the clinical application this means that no 
supplementary time corrections need to be applied after early exposure 
to the extra uterine world. 
This result is in contrast to the finding of Myslivecek (1983), that 
early stimulation of the auditory cortex resulted in a temporary 
increase of RNA contents and associated functional capability. 
250 
T A B L E X I I I , V I : T E S T I N G R E S U L T S W I T H R E S P E C T T O T H E I N F L U E N C E O F T H E 
STATE OF VIGILANCE 




4 Tr - Aw = 6 (p=0.02) 
10 Tr - Re = 5 (p=0.01) Tr - Re = 5 (p=0.03) 
Pb 
10 Aw - Re = 7 (p=0.05) Aw - Re = 9 (p=0.05) 
N1 
7 Aw - Tr sl5 (p*=0.04) Aw - Tr =21 (p*=0.004) 
N2p 
4 - Re - SI =61 (p=0.03) 
Amplitude(pV) 
PbPl 
2 Tr = -0.6; Aw = 0.3 (p=0.02) 
4 - Tr = 0.6; Re = -0.5 (p=0.02) 
5 SI - Tr = 1.2 (p=0.01) 
SI - Aw = 0.9 (p=0.03) 
PI 
10 Aw = 1.3; Re =-0.2 (p=0.003) -
P2p 
2 - ІТгІ - (Awl = 3.6 (p*=0.03) 
N2p I I I I 
2 ІТгІ - Isil = 1.9 (p=0.05) -
N2 I I I I 
10 
P4 
10 Tr - Aw = 2.6 (p=0.03) Tr - Aw = 1.9 (p=0.03) 
Significant differences per CA level between the states of vigilance 
(Table XIII, II) with ρ values according to pairwise comparison tests 
of Schef fé (denoted by p) or according to Student's tests for two 
samples (denoted by p*) separately for the mean central vertex 
derivation (Ll-2) and the mean central temporal derivation (L3-4). 
SI = mean of sleep state; Tr = mean of transitional sleep; Aw = mean of 
awake state; Re = mean of restlessness state. 
Schulte et al. (1977) also failed to show an enhancing or Inhibiting 
effect of prematurity on the maturation of the ACR in β comparative 
study using auditory and visual evoked responses. We only found a 
tendency of the latencies at CA level 10, thus 3 months post term date, 
to be larger for the GA groups IV and V compared with the most 
premature groups I and II. This would support the idea of "postponed" 
effects of prematurity on the post term cortical development, which 
becomes apparent at a later stage of development. Kurtzberg et al. 
(19B4), using a different protocol, found only differences at full term 
date In an ACR-comparison between mature and premature Infants. 
ІТгІ - [Awl = 1.8 (p=0.03) 
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XIII.5.7 State of vigilance 
The state of vigilance is reported to have a great influence on the 
ACR parameter values in adults as well as in young children (Williams 
et al., 1962; Weitzman 4 Kremen, 1965e). As discussed previously, this 
influence has been predominantly studied in mature infants (Weitzman 
et el., 1965b; Akiyama et el., 1969; Monod 4 Parma, 1971; Barnet et 
al., 1975). During the premature stage of ACR development we did not 
find a great impact from the state of vigilance on the different ACR 
parameters. The (lower) absolute amplitudes found for N2 and P4 at CA 
level 10 in awake state, compared with undetermined transitional sleep 
state are of interest. Technically this can be explained by a larger 
jitter or fatigueness of the response for these components, which 
results in a lower amplitude during awake state. The existence of 
differences due to the state of vigilance might be obscured by the 
small size of various groups. This is also determined by the 
preferential state of recording in our protocol. It might also be 
obscured by the observational determination of the states, which was 
not supported by simultaneous polygraphic EEG recording. 
From the study on the composite group averages and the present study 
it can be concluded that the ACR is a powerful instrument to study the 
development of central audition. The primary complex shows 
developmental features such as latency decrease for NA and PbPl and 
separation of PbPl into Pb and PI after term date. Being MLR 
components, the ACR test protocol is less suitable to study the 
primary complex than the special MLR protocol (Rotteveel et al., 
1986c). The secondary complex shows the morphological waveform 
changes, latency and amplitude changes, which are in good agreement 
with the time-table of the auditory cortical maturation as reported by 
Dooling et al. (1983). The topographic differences support different 
generation of the ACR components. The premature ACR is relatively 
insensitive to changes in the state of vigilance and the degree of 
prematurity. 
The clinical value in the diagnosis of central auditory (dys)functions 
by means of the ACR is limited, due to the detectability rates of the 
components and the present lack of sufficient clinical pathological 
correlative studies. 
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APPENDIX; TABLE XIII, IVt ACR 
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MEAN LATENCY VALUES (ms) AND SDs 
L3 ΪΛ Gr.Av.(L4) 

























































































































































































































































































































































































































































































































































































































Mean latency values with standard deviations of the ACRs in preterm 
infants obtained at 8 CA levels between 25 and 52 weeks CA. The values 
are tabulated according to the derivations. The means have been 
determined by previously averaging the data from all records of an 
infant at the CA level under consideration. 
N = number of infants; CA = conceptional age; Gr.Av. ~ composite group 
average values of the ACRs, constructed by summation of the individual 
records of the infants at the different CA levels. 
LI = CZ-A2; L2 = Cz-Al; L3 = C4,-A2; L4 = СЗ'-А!; * standard deviation 
of the different GA groups (Rotteveel et al., 198T5d). 
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Continued TABLE XIII, V: 
CA LI L2 L3 L* Gr.Av. (L4) 






































































































































































































Mean amplitude values with standard deviations of the ACRs in preterm 
infants obtained at 8 CA levels between 25 and 52 weeks CA. The values 
are tabulated according to the derivations. The means have been 
determined by previously averaging the data from all records of an 
infant at the CA level under consideration. 
Abbreviations and symbols as used in Appendix: Table XIII, IV. 
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XIV:1 INTRODUCTION 
The purpose of the present study was the delineation of the properties 
of the brainstem auditory evoked responses (ABRs), the middle latency 
auditory responses (MLRs) and auditory cortical responses (ACRs), 
together celled the BMC ARs, in premature and mature newborns. It was 
expected that the relatively newly developed technology in the field 
of evoked potentials, could be useful in the assessment of the 
neurological condition of these infants, who often present us with few 
clinical clues with respect to the integrity of the central nervous 
system, even when morphological damage can be shown to be present. 
For clinical application a precise knowledge of the evolution of 
functional measures, such as the evoked responses, is a prerequisite. 
Any type of research at the fringe of life requires relevant knowledge 
of the evolutionary or involutionary characteristics with respect to 
the relevant issues. 
We limited our research to the auditory evoked responses (ARs), since, 
in a preliminary search in premature infants, the auditory modality 
proved more stable than the somatosensory, when stimulated by means of 
electrical pulses to the peripheral nerve fibers. 
This thesis consists of 3 parts. In Part I, Chapter I, the ontogenesis 
of auditory behavior in premature infants has been described as being 
predominant reflex behavior, state dependent in quality and highly 
variable (Chapter I). Evoked responses offer an objective method to 
test both hearing at the periphery, as well as hearing at the central 
level. It should be kept in mind that evoked responses only inform us 
about the function of the auditory system for the structures which are 
involved in the generation of the BMC AR complex. Auditory behavior, 
however, reflects the total-system function. 
The morphological and neurophysiological maturation of the auditory 
system is reviewed in Chapters II and III. The maturation of function 
and structure pursue a parallel course and with a mutual influence, 
which can be understood in a dialectic manner rather than in a causal 
way. Any disruption of the system, at any level, carries its own 
afferent and efferent consequences. The bottle neck for a normal 
function is however the cochlea. Most striking is the observation that 
advanced auditory propagating functions are measurable In animals and 
in the human, at a stage of incomplete morphological maturation. 
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Decreasing thresholds and increasing frequency sensitivity are the 
hallmark in the maturation at the cellular and at the macroscopic 
level. 
In Chapter IV the features of the BMC ARs have been described. The 
literature regarding the probable generation sites of the various BMC 
AR components is reviewed. The generation of the ABR components can be 
attributed to brainstem rhombencephalic and mesencephalic auditory 
structures, the generation of the MLR and early primary ACR components 
to mesencephalic, diencephalic end subcortical structures and the 
generation of the late secondary ACR components to subcortical and 
cortical structures. See also Chapter II. From the coincidence of 
changes within the BMC AR complex, as found in Parts II and III, with 
known anatomical maturational changes, we were able to confirm some of 
the theories with respect to the generation sites and to add new 
elements to the discussion. Finally, the BMC AR protocol has been 
described, including a survey of the premature infants under study. 
Evoked responses offer a measure for the central conduction of 
propagated impulses. A proper functioning peripheral reception is a 
prerequisite. This means that determination of the auditory thresholds 
should be carried out before any statement can be made regarding the 
central conduction. Auditory responses also offer a measure for the 
quality of the peripheral reception of the stimuli, especially by the 
first ABR peaks. The ABR intensity series according to our protocol 
offered a method of obtaining information on the auditory threshold of 
the infants. 
In Part II the results of the BMC AR recording sessions In a group of 
25 healthy newborns at term date and 3 months thereafter, have been 
reported (Chapters V-VIII). 
The results of the recording sessions in a group of 65 premature 
infants have been reported In Part III, Chapters IX-XIII. The 
premature infants were divided into 5 groups according to their 
gestational age: GA group I (25-27 weeks CA), group II (28-29 weeks 
CA), group III (30 weeks CA), group IV (31-32 weeks CA) and group V 
(33-34 weeks CA). The recordings were obtained, if possible biweekly, 
at maximally 8 CA levels: CA level 1 (25-27 weeks), CA level 2 (28-29) 
CA level 3 (30-31), CA level 4 (32-33), CA level 5 (34-35), CA level 6 
(36-37), CA level 7 (38-41) and CA level 10 (50-52 weeks CA). 
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The last level has been numbered 10 in view of the time gap between 
term date and 3 months thereafter. 
In the following paragraphs the most important conclusions mentioned 
in Parts II and III will be summarized. 
A paragraph containing new information regarding testing results of 
the differences between relevant BMC AR parameters of the premature 
and the term infants at the CA levels 7 and 10 has been included. It 
concerns a preliminary analysis, the results of which will be reported 
more extensively elsewhere than in this thesis. 
XIV;2 MATURATIONAL FEATURES 0Γ THE BMC ARs 
XIV.2.1 Methodological approach 
Evoked responses are defined by their complex composition, the 
waveform and by their latencies and amplitudes (Chapter IV). These 
features were, in our search, first defined by means of the composite 
group averages. After determining the intra group stable components 
(Chapter V), separate analyses were carried out on the ABR, MLR and 
ACR recording results in the mature infants (Part II), followed by a 
similar approach in the premature groups (Part III). Factors which 
were considered to influence these parameters were investigated 
systematically. Such factors included the influence of the degree of 
prematurity within the research population (gestational age), the 
influence of the increasing conceptional age (changes with increasing 
age), the state of vigilance, the recording sites (topographic 
features of the responses), the ear to stimulation (in the monaural 
tests: ABR and MLR). 
The group averaging method is a phenomenological approach to determine 
the parameters to be investigated in the subsequent individual 
records. The visual analysis of the records is subjective and depends 
upon the experience with the appearance of the response complexes. The 
composite group averages proved very useful as a matrix in the visual 
analysis of the separate recordings, which showed a poor signal to 
noise ratio. This is due to the incomplete synchronization capacity of 
the pathways (Chapter III), called "response fatiguebility". The 
parameters chosen for the separate investigations are summarized in 
Appendix: Table XIV, II. 
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XIV.2.2 Naveforas 
From 25 weeks CA onwards up to 52 weeks CA, the ontogenesis of the BMC 
ARs can be followed from their first appearance to their approximate 
adult shape. The ABR, MLR and the primary complex of the ACR show a 
gradual appearance of their separate components, but the waveform as 
such does not change. The secondary complex of the ACR shows a typical 
three stage development parallel to the morphological cortical 
development (Part III). 
XIV.2.3 Latencies and Amplitudes 
The latencies and amplitudes of the ABR, the MLR and the primary 
complex of the ACR show generally, and as expected, a decrease and an 
increase respectively. For the individual components these changes 
do not occur completely in parallel, because peripheral and the local 
central maturation of the structures involved all add separately to 
the final result of the measurement. 
For the ABR (Chapters IX and X), the measurements can be performed 
first In the traces ipsilateral and later (about 28-30 weeks CA), also 
contralateral to stimulation. The largest latency changes occur at the 
lowest CA levels and between term date and 3 months there after 
(Chapters VI and X). In between these periods a gradual change is 
noted. This does not reach significance for the majority of the 
parameters. Similar changes occurred with respect to the early 
components of the MLR (Chapters VII and XI). 
The latency and amplitude values of the ACR (secondary complex) are 
largely determined by the prominence of the waveforms and their 
changes (Chapter XIII). The premature waveform appears at about 25 
weeks CA and vanishes gradually after about 34 weeks CA. At term, it 
désintégrâtes, in order to develop into its mature shape. The changes 
seen in latencies and amplitudes are secondary to these occurrences. 
XIV; 3 INFLUENCE OF THE DEGREE OF PREMATURITY 
XIV.3.1 The 5 premature GA groups 
Prior to the analysis of the data of the BMC AR recordings in the 
premature infants regarding specific items of investigation, we looked 
for systematical differences of the results as a function of the 
degree of prematurity of the infants (Chapters X, XI, XIII). 
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No clear differences were found between the 5 groups of premature 
infants born between 25 and 34 weeks conceptional age (CA) for the BMC 
ARs, except for a tendency of the ACR latency values at CA level 10 
(50-52 weeks CA), to be slower in the combined GA groups I and II 
(gestational age 25 to 29 weeks), compared to the combined GA groups 
IV and V (GA: 31-34 weeks) (Chapter XIII). The data were thus combined 
in all further analyses of the ABR, the MLR and the ACR. 
XIV.3.2 Prelature vis-à-vis mature control infants 
In Part III no systematic comparison has been made regarding the 
possible differences between the BMC AR parameter latency and 
amplitude values of the premature and the control infants. 
The results obtained in the various investigations in the preterm and 
mature infants show some differences. Except for the differing 
gestational age, one should be aware of the differences of selection 
criteria and differences in the statistical analyses. Comparison of 
the two groups is only possible at the CA levels 7 and 10. 
For instance, with respect to the component PO, a latency decrease was 
established (p=0.05) in the mature infants between CA levels 7 and 
10. This was not the case for the premature group. Further, a 
significant IPLD (interpeak latency difference) decrease was found for 
Na-PO for the premature infants between CA level 7 and 10, but not for 
the mature infants. 
In an additional analysis the mean values of BMC AR parameters, as 
discussed in Parts II and III, were investigated for differences 
between the preterm and term infants with the Student's t-test for two 
samples. The results are preliminary. This means for example, that 
incomplete observations in the calculations for the preterm infants 
could not be avoided, although incomplete observations were excluded 
in the calculations for the term infants. Further, double recording 
sessions at CA level 7 occurred for the preterm infants and were 
averaged previously. This was not the case for the mature infants. 
The most consistent parameters of the BMC ARs were chosen for this 
comparison. 
For the ABR we chose the peaks I, II, III, V, Ve (superscript c = 
contralateral) and the inter peak latency differences (IPLDs) V-I and 
VC-IIC and t*18 amplitude ratio V/I (Chapters VI and X). For the MLR 
the components P0 and Na were chosen (Chapters VII and XI) and for 
the primary complex of the ACR the components Na, Pb and N1. 
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TABLE XIV, I; BMC AR LATENCY DIFFERENCES BETWEEN PREMATURE AND MATURE 






PO 52 0.03 M <Рг 67 <0.001 М<Рг 
ACR 
Na 44 0.002 M >Рг 49 * 
N1 45 0.04 M >Рг 49 * 






















DF = degrees of freedom; the p-values are the testing results obtained 
by the Studentes t-test for two samples; * = ρ >0.05; M/Pr represents 
the sign of difference between the mature (M) and premature (Pr) 
infants. 
For the secondary complex the components P2, P2 ', N2, P3, N3 and P4 
were chosen (see Chapters VIII and XIII). Altogether 48 tests were 
performed. The significant results are summarized in Table XIV, I. The 
absolute latencies of the ABRs at term date showed for the premature 
infants for all the absolute parameters measured longer latency values 
(up to 0.2 ms) compared to the mature infants and reached significance 
for the data at 3 months. The IPLDs however, did not show any great 
variation. Neither did the amplitude values present significant 
changes, although the amplitude ratio V/I was nearly significant 
(p=0.07) for a lower value (1.2) in premature infants compared to the 
mature infants (1.5) at CA level 10. 
For the MLR only P0, an overlapping component with the ABRs showed a 
significant shorter latency for the mature control Infants, but not 
with respect to the IPLD Na-PO. 
The ACRs do not show consistent differences. In the transitional stage 
of development at term date Na, N1 and P2 show longer latencies in 
the premature infants. This might partly be explained by the lower 
mean CA of the premature infants at term date compared to the mature 
infants. At 3 months however, P2 shows a shorter latency for the 
mature infants. 
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ACR ADS, 7 0 dB 
C A weeks З -41 N/N 3 9 - 4 1 
0 6 3 ¿jvl 
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Fig.XIV, 1: Composite group averages at CA level 7 for the premature 
infants (at the left) and the mature control infants (at the right). 
Symbols: see F ig.XIII, 2. 
Comparison of the amplitude values of the ACRs show hardly any 
significant differences between the premature and the term infants. A 
remarkable observation concerned the composite ACR waveform of the 
premature infants which at term date is less distinct compared to the 
composite ACR waveform of the control mature group (Fig.XIV, 1). At CA 
level 7 we noticed a higher amplitude for P2 in the group of mature 
infants. This also coincides with a longer latency for P2. 
These observations lead us to the conclusion that maturational delay 
of the BMC ARs, as measured In very low birthwelght infants at term 
date and 3 months thereafter, occurs predominantly at the level of the 
inner and middle ear (ABR differences). The rate of auditory cortical 
development between 25 and 52 weeks CA (Chapter XIII) makes this 
region vulnerable for the constraints of the intensive care for 
prematures. It is not surprising that differences are measured in the 
ACR recordings, although these are often hard to quantify. A longer 
follow-up of these infants might show more clearly if a BMC AR 
retardation actually exists. As yet, this is not impressive over the 
period covered by our research. 
XIV:A TOPOGRAPHIC FEATURES 
An important neurophysiological issue in evoked responses is the 
distribution of the electrical fields over the scalp which can be 
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measured by multiple electrode arrays. The number of electrodes used 
in our protocol was limited (Chapter IV), but important differences 
with respect to the parameter values in the different derivations 
could be shown (Parts II and III). 
Prior to the investigation of the BMC AR latency and amplitude values 
for differences between the derivations (Chapter IV), it was first 
examined to what extent the right or left ear to stimulation 
influenced the results. This related to the A8R and MLR which were 
stimulated monaurally (Chapters VI and VII). No difference was found 
between the data obtained after stimulation of the right or the left 
ear. The data obtained at either side were therefore combined. 
The ABRs and the MLRs were obtained ipsi- and contralateral to 
stimulation. The major findings in the data obtained contralateral to 
stimulation were a later appearance of the peaks and slightly lower 
detectability rates. This was attributed to the crossing of auditory 
fibres. The central conduction time II-V ipsi- and contralateral to 
stimulation was equal. This has been observed at all CA levels. 
The MLR was obtained ipsi- and contralateral to stimulation and from 
the vertex, further a bipolar derivation between the right and left 
central temporal areas was used in order to detect asymmetries between 
the two sides. In the mature infants and in the group averages of the 
premature infants, this derivation was accessible for visual analysis 
(Chapters V, VII and XI), but not in the individual records of the 
premature infants. The differences in the derivations of the MLRs are 
interesting with respect to the early components. The components PO, 
after 35 weeks CA, and Pa show higher amplitudes ipsilateral to 
stimulation. PO, before 35 weeks CA, and Na are contralaterally more 
prominent (Chapters IX and XI). Contralateral to stimulation PO also 
showed shorter latencies. Higher amplitudes can be associated with 
generators which are closer to the derivation site. Latencies are 
determined by the generator sequence. The findings regarding PO 
suggest a generation, possibly from more generator sources (Chapter 
XI). 
The ACRs were elicited by binaural stimulation. The topographic 
differences occurred mainly between the vertex and the temporal 
derivations (Chapters VIII, XII and XIII). The premature ACR complex 
appears at about 25 weeks CA, in the central temporal derivations. 
Remarkably it vanishes there in the transitional stage as first also. 
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This predilection of the waveform development over special areas of 
the scalp determines the latency and amplitude values. 
P2 is more prominent over the vertex at CA level 10 in the premature 
and the term Infants. P2p is determined by the evolution of the 
component N2p and is more prominent in the central temporal 
derivations. The generation of P2p and P2 therefore, is likely to be 
different (Chapters VIII and XIII). 
XIV;5 STATE OF VIGILANCE 
One of the factors which influence the BMC AR parameter values which 
we studied in the premature infants was the state of vigilance. The 
choice of the preferential states during the subtests in the protocol 
(Chapter IV) and the limitations of the observational determination of 
the states, limit the availability of the data for full analyses. The 
results are therefore incomplete. 
The ABRs are not influenced as far as the detectabillty was 
concerned. In awake state, generally longer latency values were found 
than in the sleep state (Chapter X). 
With respect to the MLR, lower mean amplitude values were found for Na 
in sleep compared to wake state and transitional sleep state (Chapter 
XI). 
The data of the ACRs were also incomplete. Generally we noted 
increased latency values during restlessness and decreased amplitude 
values during wakefulness (Chapter XIII). The influence of the states 
as described by others (Chapters V, VIII and XIII) are probably more 
important intra-individually than inter-individually. 
XIV;6 THRESHOLD DEVELOPtCNT 
The presence of a properly functioning peripheral reception of the 
stimuli is a prerequisite to be able to assess the central propaga-
tion. The intensity series of the ABR was used to detect the ABR 
threshold. In the mature group the intensity series was also used as 
inclusion criterion, but not in the group of premature infants. 
Premature infants (25 to about 32 weeks CA) show initially high 
thresholds of about 50 to 80 dB for peak V of the ABR (Chapter X). 
Then a broad range of threshold values was found until CA level 7, 
varying from 30 to 50 dB ; at CA levels 7 and 10 thresholds 
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values were predominantly obtained of 30 to 40 dB. 
Intensities below 30 dB were not used. The CA 1000 zero dB setting 
corresponded to 30 dB SPL. A lower detectability as a function of 
higher thresholds was not found. In general we found higher mean 
absolute latencies with higher thresholds for the ABR. The high ABR 
thresholds did not produce a significant effect upon the MLR parameter 
values. The influence on the ACRs was not investigated (Chapters X and 
XI). 
XlVt 7 CLINICAL APPLICABILITY 
The detectability rate of the different BMC AR components is one of 
the major limitations for the use of the auditory responses for 
clinical purposes (Chapters V to XIII). The clinical application of 
the responses was one of the objectives for this study, and the 
delineation of the developmental audlological neurophysiological 
characteristics. The detectability might be increased by repeat 
recordings. We did not analyse the detectability longitudinally in the 
infants. 
A further limitation is the complexity of the maturational changes 
occurring at the level of the cochlea and of the central pathways with 
respect to the frequency sensitivity. This has been neglected in our 
protocol. We used the unphysiological broad band click as stimulus. 
Another pitfall is the presence or absence of sufficient peripheral 
"hearing", in view of the threshold development (Chapter X). A proper 
intensity series with relevant intensities can avoid false statements 
regarding the central conduction and also exclude false "central 
pathological" cases. 
The nature of the averaging method of the on-responses (Chapter IV) 
and the incomplete time locking of the relevant pathway elements in 
this age group (Chapter III) also set elementary limits to its 
application. 
Analysis of the data obtained from a pathological group obtained 
parallel to the population of the research group should add new 
arguments as to the usefulness of the BMC ARs In premature and newborn 
infants. 
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For the symbols of all BMC AR parameters please refer to the 
respective chapters mentioned in the last column. 
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List of abbreviations: 
ABR Auditory Brainstem Response 
ACR Auditory Cortical Response 
AD right ear 
ADS right and left ear 
AR Auditory Response 
AS left ear 
BAEP/BAER Brainstem Auditory Evoked Potential/Response (=ABR) 
BMC AR Brainstem-, Middle Latency-, Cortical Auditory Evoked 
Response 
CA Conceptional Age 
CCT Central Conduction Time 
CNS Central Nervous System 
ECoG Electro Cochleo Gram 
EEG Electro Encephalo Gram 
EMG Electro Myo Gram 
EP Evoked Potential 
GA Gestational Age 
Gr.Av. Group Average 
ICUP Intensive Care Unit for Premature infants 
IPLD Inter-Peak Latency Difference 
LLAEP Long Latency Auditory Evoked Potential (=ACR) 
MLAEP Middle Latency Auditory Evoked Potential (=MLR) 
MLR Middle Latency Response 
SN-10 Slow Negativity at 10 ms 
SPL Sound Pressure Level 
SSEP Somato-Sensory Evoked Potential 
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SAMENVATTING EN CONCLUSIES 
XlVbtl IM.EIDING 
Bij voldragen en te vroeg geboren zuigelingen werd de ontwikkeling van 
zcp. auditory evoked responses (ARs) onderzocht. Dit zijn potentiaal-
veranderingen binnen het zenuwstelsel, die ontstaan na toediening van 
geluidsprikkels. Het doel van dit onderzoek was de bepaling van de 
eigenschappen van de "Brainstem Auditory Evoked Responses" (ABRs, 
hersenstampotentialen), de zgn. "Middle Latency Auditory Responses" 
(MLRs, die direct na de ABR verschijnen) en van de zgn. "Auditory 
Cortical Responses" (ACRs, de auditieve corticale potentialen). Deze 
potentialen gezamenlijk worden verder als BMC ARs afgekort. De 
technologie van evoked potentials is betrekkelijk nieuw. Een kort 
historisch overzicht wordt in Hoofdstuk I gegeven. 
We verwachtten dat evoked potentials een bijdrage konden leveren bij 
de klinische beoordeling van pasgeborenen met een verhoogd risico op 
hersenbeschadiging. Klinisch neurologisch onderzoek van deze kinderen 
levert immers vaak onvoldoende informatie over de mate van cerebrale 
dysfuncties, terwijl wel kan worden aangetoond dat er morfologische 
schade is aangericht. 
Om evoked réponses voor klinisch onderzoek bij pasgeborenen te kunnen 
toepassen moet eerst worden vastgesteld wat het normale patroon en de 
normale ontwikkeling van deze potentialen is in de periode voor, 
tijdens en na de geboorte. Daarom was als eerste een klinisch neuro-
fysiologisch ontwikkelingsonderzoek nodig. 
We beperkten ons tot bestudering van de auditieve evoked responses. 
Uit een preliminair onderzoek bleek dat auditieve stimulatie bij 
prematuren stabielere reacties gaf dan somatosensibele stimulatie door 
electrische prikkeling van perifere sensibele vezels. 
Het gedrag van kinderen met een conceptieleeftijd van 25 tot 52 weken 
als reactie op geluid (auditief gedrag) is voornamelijk reflexmatig, 
sterk variabel en afhankelijk van het bewustzijnsniveau. Auditieve 
evoked responses daarentegen geven een meer objectieve maat voor 
perifeer en centraal gehoor, maar uiteraard wel alleen voor die 
structuren, die betrokken zijn bij de opbouw van het BMC AR complex. 
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Auditief gedrag is een resultante van de deelfuncties en weerspiegelt 
dus de functie van het gehele systeem. Auditory evoked responses geven 
een indruk van de centrale geleiding van voortgeleide Impulsen na 
externe stimulatie. 
Dit proefschrift bestaat uit 3 delen. In Deel I, Hoofdstuk I, wordt 
o.a. de ontogenèse van gedragsreacties op geluidsprikkels beschreven. 
In hoofdstuk II is een overzicht gegeven van de anatomie en de rijping 
ven het auditief systeem. In Hoofdstuk III volgt een beschrijving van 
de neurofysiologie van dit systeem. De anatomische en functionele 
rijping verlopen parallel in een wederkerige beïnvloeding, hetgeen 
eerder dialectisch dan causaal moet worden opgevat. Elke dysfunctie in 
de keten van de impulsvoortgeleiding heeft afferent en efferent, zowel 
morfologisch als functioneel nadelige effecten. 
Opmerkelijk Іч het feit dat centrale impulsvoortgeleiding reeds is te 
neten in een stadium waarin het anatomisch systeem nog zeer onvolledig 
is ontwikkeld. Kenmerken van de ontwikkeling zijn urnemende 
gehoorsdrempels en toenemende frequentiegevoeligheid op cellulair 
niveau en op niveau van het systeem als geheel. 
Ondanks de simultane perifere en centrale rijping binnen het auditieve 
systeem is het rijpingsniveau van de cochlea een cruciale factor 
m.b.t. de functie van het zich ontwikkelende auditieve systeem. 
In Hoofdstuk IV zijn de kenmerken van de BMC ARs behandeld. Tevens is 
de litteratuur over de mogelijke generatoren van de verschillende 
componenten samengevat (zie ook Hoofdstuk II). Uit die gegevens is 
gepostuleerd dat de generatie van de ABR kan worden toegeschreven aan 
structuren in het rhombencephalon en het mesencephalon, de generatie 
van de MLR en het vroege primair complex van de ACR aan structuren in 
het mesencephalon, het dlencephalon en telencephale subcorticale 
structuren. De generatie van het secundair complex van de ACR valt aan 
subcorticale en corticale structuren toe te schrijven. 
De resultaten яп ons onderzoek passen bij deze veronderstellingen. 
Samenhang in de tijd van een aantal veranderingen in het BMC AR 
complex met bekende anatomische rijpingskenmerken gaf ons de 
mogelijkheid nieuwe elementen aan deze discussie ονι-τ de generatoren 
toe te voegen. 
Tenslotte wordt in Hoofdstuk IV het BMC AR protocol, zoals dat is 
toegepast in dit onderzoek, besproken met een overzicht van de 
onderzochte prematuren. 
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Een goede functie van de perifere perceptie van de aangeboden prikkels 
is een оогкат •'•n om de centrale geleiding te kunnen beoordelen. Bij 
auditieve stimulatie betekent dit, dut er een goede midden- en 
biniiHnoorgelelding moet zijn voor de tungeboden geluidsprikkels. De 
eerste pieken in de ABR zijn een aHnwijzing voor de kwaliteit van de 
perifere gehoorsfunctie. Door de ABR met verschillende intensiteiten 
te registreren kan een indruk worden verkregen over de gehoorsdrempel. 
In Deel II zijn de resultaten behandeld van de BMC AR registraties in 
een groep van 25 gezonde voldragen kinderen, die na de geboorte en 3 
maanden daarna werden onderzocht (Hoofdstuk V-VIII). 
Deel III behandelt de resultaten van een groep van 65 prematuren, die 
toegankelijk waren voor het onderzoek (Hoofdstuk IX-XIII). Afhankelijk 
van de zwringerschapsduur (GA) werden de te vroeg geboren ¿uigelingen 
verdeeld in 5 ongeveer even grote groepen: ГА groep I (25-27 weken), 
II (28-29 weken), III (iü weken), IV (31-32 weken) en V (33-34 weken 
zwangerschapsduur). De BMC AR registraties werden verricht mut 
tijdsintervallen van ±2 weken op maximaal В leeftijdsniveaus tussen 25 
en 52 weken, gerekend vanaf de conceptie (CA) (Hoofdstuk IV). 
In de volgende paragrafen worden de meest opvallende resultaten van 
Deel II en III kort samengevat. Als nieuw element is een paragraaf 
opgenomen waarin een preliminaire analyse van de verschillen tussen de 
prematuren en de voldragen kinderen m.b.t. een relevante selectie uit 
de BMC AR parameters wordt gepresenteerd. Een definitieve analyse van 
deze versnhillen zal buiten het kader van dit proefschrift worden 
gerapporteerd. 
XIVb;2 RIJPINGSKENfCRKEN VAN DE BMC ARs 
XIVb.2.1 Methodologie 
Evoked responses worden gedefinieerd naar de golfvorm, de opbouw van 
de complexen, de latentietijden en de amplitudo's (Hoofdstuk IV). In 
dit onderzoek werden eerst de zogenaamde "composite group averages", 
ofwel de gemiddelde responsies van de gehele onderzoeksgroep gecon­
strueerd door "ensemble" middeling van alle curven van de individuele 
kinderen. De resulterende groepscurven werden als matrijs gebruikt 
voor de bepaling van de parameters die verder onderzocht zouden 
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worden in de individuele registraties (Hoofdstuk V en IX). Deze 
procedure werd gevolgd bij zowel de voldragen kinderen als bij de 
prematuren. 
Aansluitend werden separate analyses verricht van de individuele 
data. De resultaten ervan werden daarna statistisch bewerkt (Deel II 
en III). 
De condities werden onderzocht, die een invloed kunnen hebben op il·-· 
gekozen parameters zoals de zwangerschapsduur, het toenemen van de 
extrauteriene leeftijd, het bewustzijnsniveau, de electrodeposities 
(topografie) en, in de monaurale testen (ABR en MLR), de zijde van de 
stimulatie. 
De visuele analyse van de curven is subjectief en vereist ervaring met 
het uiterlijk van de gol fvormen. Het gebruik van de groepsgemiddelde 
curven op de verschillende leeftijdsniveaus als matrijs bij ie analyse 
van de individuele curven bleek essentieel. Met name was dit het geval 
bij de data van de prematuren, omdat men daar meer last heeft van 
ruis t.g.v. een lage signaalamplitudo. Dit wordt veroorzaakt door het 
nog beperkte synchronisatievermogen van de generatoren van de 
verschillende conponenten. Tevens raakt de гезропвіе bij herhaalde 
stimulatie uitgeput. Vooc optiirmle resultaten van de middelings­
procedures is een niet veranderende reactie op herhaalde stimulatie 
juist nodig. 
XIVb.2.2 De golfvor« 
In het tijdsbestek van 25 tot 52 weken conceptieleeftijd kon de 
ontogenèse van de BMC ARs gevolgd worden. De ABR, MLR en de ACR 
verschijnen en ontwikkelen hun volwassen vorm in deze periode. 
De ontwikkeling van de ABR en de MLR wordt voornamelijk gekenmerkt 
door een geleidelijk verschijnen van de verschillende componenten van 
de responsie, een verkorting van latentietijden en een toename van 
amplitudo" s. De golfvorm als zodanig verandert niet. Dit geldt ook 
voor het vroege primair complex van de ACR. 
Het secundair complex echter is voornamelijk gekenmerkt door de 
verandering van een "V" complex in een "W" complex, via een transitie 
fase met opmerkelijk lage amplitudo" s. Dit laatste hangt samen met de 
corticale veranderingen, die in deze periode optreden in de vorm van 
een opvallend toenemende microscopische en macroscopische complexiteit 
van de temporaal kwab (Hoofdstuk XIII). 
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XIVb.2.3 Amplitudo's en latentietijden 
De amplitudo's nemen in het algemeen toe met toenemende conceptie-
leeftijd, al zijn de verschillen vaak statistisch niet significant als 
gevolg van de interindlviduele variatie in de amplitudowaarden. De 
latentietijden nemen in het algemeen df ,mjt toenemende leeftijd. Deze 
waarnemingen hebben vooral betrekking op de ABR, MLR en het primair 
complex van de ACR. Voor de individuele componenten is de mate van 
dezti veranderingen niet volledig gelijk, hetgeen past bij een 
gedifferentieerde rijping binnen de BMC AR complexen. 
De ABR kan in eerst« instanti« (25-28 weken) alleen ipsilateraal 
t.o.v. de stimulus worden waargenomen, in een later stadium ook 
contralateraal (2Θ-30 weken CA). Dit is een gevolg van de latere 
myelinisatie van de kruisende vezels. De grootste veranderingen treden 
op de jongste leeft"jdsniveaus op, en tussen de Ь terme periode en 3 
nwanden later (Hoofdstuk VI en X). Tussen ongeveer 30 weken en de 
uittelrlatum verlopen de veranderingen geleidelijker. Voor de MLRs 
is het beloop vergelijkbaar (Hoofdstuk VII en XI). 
In de ACR hangun de latentie- en amplitudowaarden voornamelijk samen 
met de imponerende veranderingen van de golfvorm en zijn vergeleken 
daarbij van secundair hulang (Hoofdstuk XIII). De golfvorm bij 
prematui'en hoont eerst toename van amplitudo's en verkorting van 
latentietijden, daarna respectievelijk afname en verlenging. In de 
volwassen golfvorm bij 3 maand-; ι wordt, vergeleken met de registraties 
rond de uittehiHhjrn, weer een amplitudotoename gezien. 
XIVb:3 DE INVLOED VAN TE VROEGE GEBOORTE 
XIVb.3.1 De vijf groepen prenaturen 
Voorafga-md aan een gedetailleerde analyse van de registratieresulta­
ten bij de prematuren, werd onderzocht of deze resultaten gelijk waren 
voor de vijf afzonderlijke groepen op dezelfde leeftijdsniveaus 
(Hoofdstuk X, XI, XIII). Duidelijke verschillen werden niet gevonden. 
Alleen werd een tendens gesignaleerd dat de latentiewaarden voor de 
ACRs op het leeftijdsniveau van 50-52 weken (CA) in de vroegst geboren 
groepen I en II trager waren dan in de later geboren gmepen IV en V. 
De afwezigheid van consistente verschillen in de vergeleken data van 
de vijf groepen op de verschillende leeftijdsniveaus maakt comhlnatie 
daarvan bij de verdere inalyses voor zowel de ABR, MLR als de ACR 
verantwoord. 
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XIVb.3.2 Preaaturen versus voldragen pasgeborenen 
Tot nu toe zijn geen verschillen beschreven voor de resultaten bij de 
prematuren (Deel III) vergeleken met de voldragen kinderen (Deel II). 
Vast te stellen is dat de resultaten, die vermeld staan in de 
betreffende hoofdstukken van Deel II en III, op het è termn 
leeftijdsniveau (7) en 3 maanden daarna (10) lichte verschillen laten 
zien tussen de prematuren en de voldragen kinderen. Bij het signaleren 
van deze verschillen in de resultaten dient niet alleen rekening te 
worden gehouden met de verschillende zwangerschapsduur maar ook met de 
verschillen in de selectie van de kinderen en in de stal bïtlsche 
analyses. 
Zo is tussen CA niveau 7 en 10 voor de vroege component PO een 
significante afname van de latentietijd gezien bij de voldragen 
groep. Dit is niet het geval bij de prematuren. Omgekeerd is een 
significante afname gezien voor het interlatentletijdsverschil (IPLD) 
tussen de componenten Na-PO bij de prematuriin, die zich niet voordeed 
bij de voldragen kinderen. 
In een aanvullende analyse zijn de gemiddelden, zoals berekemJ in de 
diverse hoofdstukken van Deel II en III onderzocht met de tweezijdige 
Student's t-toets voor twee steekproeven. De resultaten van deze 
analyse zijn voorlopig. Dit houdt o.a. in dat de incomplete 
waarnemingen bij de prematuren, d.w.z. de waarden van de registraties 
waarbij aan één ¿ijdi: een waarneming ontbrak, niet konden worden 
uitgesloten, evenmin als de dubbele registraties op één (h terme) 
leeftijdsnlveau. Bij de voldragen kinderen is geen sprake van 
incomplete waarnemingen noch van dubbele registraties. 
De parameters behorend tot de best herkenbare ABR, MLR en ACR 
componenten werden onderzocht. Dit zijn voor de ABR de latentie- en 
amplitudowaarden van de pieken [, [[, lil, V, Vc (c. contralateraal) 
en de interlatent iet ijden (IPLDs) V-I en V0-!!0 en de ampliluderatlo 
V/I (Hoofdstuk VI en X). 
Voor de MLR zijn dit de componenten PO en Na (Hoofdstuk VII en XI), en 
voor het primair complex van de ACR de componenten Na, Pb en N1. 
Voor het secundair complex van de ACR zijn de componenten P2, P2', N2, 
P3, N3 en P4 onderzocht (Hoofdstuk VIII en XIII). 
In totaal zijn 48 toetsen uitgevoerd. De significante resul taten zijn 
samengevat in Tabel XIV, I. 
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Alle A3R componenten zijn bij de prematuren 5S tot IOS trager dan bij 
de voldragen kinderen. Op de conceptieleeftijd van 52 weken is dit 
verschil significant. De IPLDs, de amplitudo*s en de amplitudoratio 
tonen geen verschillen tussen de prematuren en de voldragen 
zuigelingen. Vermeldenswaard ie wel dat de ratio V/I op het 
leeftijdsniveau van 52 weken (CA) bijna significant verschillend is 
(p=0.07) bij een lagere waarde (1.2) voor de prematuren vergeleken met 
de waarde (1.5) voor voldragen zuigelingen. 
Voor de MLR heeft alleen de component PO een significant kortere 
laten!iet ijd in de voldragen kinderen. Dit geldt niet voor de 
interlatentletijd Na-PO. 
De ACR parameters zijn nauwelijks verschillend tussen de beide 
groepen. In de overganysfase van de ontwikkeling van de gul fvorm rond 
de uitteldatum vertonen Na, N1 en P2 bij de prematuren vergeleken met 
de voldragen kinderen langere latentietijden. Dit kan slechts deels 
verklaard WvD'rten door de gemiddeld lagere conceptieleeftijd van de 
prematuren op dit leeftijdsniveau (38-41 weken) vergeleken met de 
voldragen kinderen. Dit hing sa.iwn met de beperkt* * ιlegankelIjkheid 
van de prematuren voor de BMC AR onderzoek op à terme leeftijd. 
Een opvallend resultaat is dat de ACR groepsgemiddelden van de 
prematuren op fa terme leeftijdsniveau minder goed geprofileerd zijn 
dan die van de voldragen kinderen (Fig.XIV, 1). Men ziet een duidelijk 
beter gmnoduleerde P2 met een hogere amplitudo en een langere 
latentietijd bij de voldragen kinderen. 
Deze observaties leidden tot de conclusie dat de uitrijping voor de 
ЭМС ARs vertraagd is op het niveau van het midden en/of binnenoor en 
op het niveau van de auditieve cortex bij kinderen die verpleegd 
worden op een intensive care unit voor prematuren. Gezien de 
risico" s van de intensive care voor het perifeer auditief systeem en 
de kwetsbaarheid van een zich in· deze periode snel ontwikkelende 
cortex konden deze bevindingen wel verwacht morden. 
XlVb:» TOPOGRAFIE 
Verschillen in amplitudo- en latentiewaarden van evoked responses op 
verschillende plaatsen op de schedel zijn een belangrijk neurofysio­
logisch gegeven. 
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Met tneer electrodes op verschillende plaatsen kan inzicht worden 
verkregen in de topografie van de electrische velden over de schedel. 
Hoewel het aantal electrodes in dit onderzoek beperkt was, konden toch 
belangrijke verschillen worden vastgesteld (Hoofdstuk IV, Deel TI ет 
III). 
De ABRs en MLRs werden ipsileteraal en contralateraal t.ο.ν. de 
stimulus afgeleid. Alvorens de data na stimulatie van linker 
respectievelijk rechter oor samen te voegen, werd eerst nagegaan of de 
kant van stimulatie op zich Invloed had op de metingen. Dit bleek 
nergens het geval te zijn. 
Het belangrijkste topografische verschil in de ABRs was naast een 
verschillende golfvorm ook een relatieve vertraging van het totale 
contralaterale ABR complex. Dit kan samenhangen met kruising van 
auditieve vezels (Hoofdstuk X). Dit was te zien op alle leeftijds­
niveaus. De centrale conduct iet ijd is ipsi- en contralateraal gelijk. 
De MLRs werden behalve Ipsi- en contraltieraal t.o.v. de stimulus ook 
van de vertex afgeleid. Voorts werd een bipolaire afleiding tussen de 
linker en rechter temporale gebieden toegepast om asymmetrieën te 
detecteren. In de curven van de prematuren is de bitempordle afleiding 
niet goed te analyseren door te laag voltage van het signaal. 
Topografische verschillen zijn gevonden voor de vroege MLR compon'-1 iteri 
(Hoofdstuk VII, ΧΙΊ. Ле componenten PO, (na 35 weken) en P-t ^ertjien 
een hogere amplitudo ipsilateraal t.o.v. stimulatie; Na is 
contralateraal meer uitgesproken (Hoofdstuk XI). PO vertoont 
contralateraal kortere latentietijden. Hogere amplitudo's kunnen in 
het algemeen geassocieerd worden met generatoren op kortere afstand. 
Latentietijden woMon bepaald door de sequentie van Ir» generatoren in 
de auditieve banen. De ogenschijnlijk tegenstrijdige bevindingen 
t.a.v. PO indiceert een complexe generatie vanuit meerdere bronnen. 
De ACRs worden opgewekt na binaurale stimulatie. Topografische 
verschillen worden, zoals te verwachten, voornamelijk gezien lussen de 
vertex en de centraal temporale afleidingen (Hoofdstuk VIII, XII en 
XIII). De golfvorm bij de premdturen verschijnt het eerst in de 
centraal temporale afleidingen bij ongeveer 25 weken CA. Opmerkelijk 
is dat deze daar in de overgangsfase ook het eerste verdwijnt. P2 is 
op het leeftijdsniveau van 52 weken bij de prematuren en ook bij de 
voldragen kinderen het meest uitgesproken over de vertex. De 
topografie van de prematuren P2p, met voorkeur voor de temporale 
afleidingen, suggereert een generatie die verschilt van die van P2. 
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XIVb:5 BEWUSTZIJNSNIVEAU 
Een van de variabelen die onderzocht werd bij' de prematuren was de 
invloed van het bewustzijnsniveau. Door de voorkeurskeuze van een 
bewustzijnsniveau volgens het protocol (Hoofdstuk IV), was er 
onvoldoende materiaal binnen de verschillende leeftijdsniveaus voor 
complete statistische analyse. 
Invloed van de verschillende bewustzijnsniveaus op de herkenbaarheid 
van de verschillende componenten kon niet worden bewezen. Wel laten de 
ABRa tijdens waken in het algemeen langere latent îiîtljden zien dan 
tijdens slapen (Hoofdstuk X). Mogelijk hangt dit samen met een 
tijdsvariabillteit ("jitter") van de responsie tijdens waken. 
De Na component in de MLRs laat tijdens slapen lagere amplitudo"s zien 
dan tijdens waken en doezelen (Hoofdstuk XI). Mogelijk dat myogene 
activiteit Na accentueert tijdens waken. 
Ook de data voor de ACRs bevatten te weinig gedifferentieerde 
waarnemingen t.a.v. de bewustzijnsniveaus voor complete statistische 
analyses. In het algemeen waren de latentietijden tijdens onrust 
langer en waren de amplitudo"s tijdens waken lager (Hoofdstuk XIII). 
Ook deze bevindingen passen bij een grotere response "jitter" tijdens 
waken. 
De invloed van het bewustzijnsniveau op de BMC AR parameters, zoals 
beschreven door andere auteurs (Hoofdstuk V, ІИ en XIII), zijn 
waarschijnlijk van meer betekenis intra- dan interindividueel. 
XIVb:6 ONTWIKKELING VAN DE GEHOORSDREH'EL 
Bij de ABR registraties werd routinematig een intensiteltsserie 
uitgevoerd om geïnformeerd Lu zijn over de perifere perceptie van de 
aangeboden stimuli. Bij de voldragen kinderen werd als eis gesteld dat 
er een ABR reactie optrad na stimulatie met 40 dB. Deze eis gold 
uiteraard niet voor de prematuren (Hoofdstuk V). 
Prematuren vertonen tussen 25 en ongeveer 32 weken hoge drempels van 
50 tot 80 dB voor ABR piek V (Hoofdstuk X). Daarna is tot ongeveer de 
uitteldatum een brede marge in de drempelwaarden te zien, variërend 
van 30 tot 50 dB. Op Ь terme leeftijd en 3 maanden erna worden 
voornamelijk waarden van 30 en 40 dB gevonden. Er werd niet gemeten 
met intensiteiten onder de 30 dB en boven de 90 dB. De nulwaarde op de 
CA-1000 komt overeen met 30 dB SPL. 
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We konden niet aantonen dat door hogere drenpels de herkenbaarheid van 
de ABR componenten verminderde. Wel werden in het algemeen hogere 
waarden voor de ABR latentietijden gevonden bij hogere drempels. 
Hogere ABR drempels hadden geen aantoonbaar effect op de MLR 
latentietijden (Hoofdstuk X en XI). 
XIVb:7 KLINISCHE TOEPASBAARHEID 
Uit ons onderzoek blijkt dat het herkennen van de verschillende BMC AR 
componenten een ernstig beperkende factor is voor de klinische 
toepassing (Deel II en III). De herkenning zou verbeterd kunnen worden 
door longitudinale registraties. Een dergelijke analyse werd door ons 
nog niet uitgevoerd. 
Ook het feit dat de gehoorsdrempel bij prematuren hoog is en in korte 
tijd grote veranderingen laat zien, is een beperking voor de klinische 
bruikbaarheid (Hoofdstuk X). 
Verder is een differentiaal diagnostische klinische interpretatie van 
de data na stimulatie met de onfysiologische brede band click beperkt, 
gezien de complexe interacties van de veranderingen, die optreden op 
het niveau van de cochlea en de centrale banen (Hoofdstuk IV). 
Tenslotte wordt de mate van de klinische relevantie van de BMC ARs 
mede bepaald door de aard van de BMC AR on-responses (Hoofdstuk IV) en 
de nog matige "time lock" op auditieve stimuli op deze jonge leeftijd. 
Analyse van pathologische casuïstiek moet verder Inzicht verschaffen 
In de bruikbaarheid en de diagnostische waarde van BMC ARs in 
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S T E L L I N G E N 
Behorende bij het proefschrift 
THE MATURATION OF AUDITORY EVOKED RESPONSES 
IN PRETERM AND TERM INFANTS 
In het openbaar te verdedigen 
op vrijdag 10 oktober 1986 
des namiddags te 1.30 uur 
door 
JAN 3. ROTTEVEEL 
I 
Ten opzichte van stimulatie verschijnt de ABR response contralateraal 
ontogenetisch later dan ipsilateraal. 
(Dit proefschrift, Hoofdstuk Χ) 
II 
In tegenstelling tot de stabiliteit van de MLR bij kinderen na 3 
maanden en bij volwassenen, treden in de periode van 25 tot 52 weken 
conceptieleeftijd belangrijke latentie- en amplitudoveranderingen in 
de M-Rs op. 
(Dit proefschrift, Hoofdstuk VII en XI) 
III 
De ontwikkeling van de ACR golfvorm vertoont een opmerkelijke parallel 
met de anatomische rijping van de temporaal kwab. 
(Dit proefschrift. Hoofdstuk XIII) 
IV 
De uitrijping van BMC ARs bij prematuur geborenen wordt in de periode 
van 25 tot 52 weken conceptieleeftijd niet beïnvloed door de duur van 
de zwangerschap. 
(Dit proefschrift, Hoofdstuk IX-XIII) 
V 
De nog incomplete hersenstamcirculatie bij pasgeborenen is een belang-
rijke pathofysiologische factor in het Sudden Infant Death Syndrome. 
(Gilles et al., (1979): Am 3 Dis Child 133, 30) 
Deze factor kan met Doppler Sonografie klinisch waarschijnlijk worden 
gediagnostiseerd. 
(Rotteveel en Colon, (1985): Ped Radiol 15, 95) 
VI 
Bij de snel progressieve vorm van het Guillain-Barré Syndroom is 
plasmaferese geïndiceerd. 
(Rotteveel et al., (19Θ3): Τ Kindergeneesk 51, 57) 
VII 
Misleiding door de wetenschap wordt eerder veroorzaakt door 
interpretaties dan door observaties. 
(van Meisen, (1966): in Natuurwetenschap en Techniek) 
VIII 
De schriftelijke verslaggeving aan adviesvragenden is een essentieel 
en onmisbaar onderdeel in de erfelijkheidsadvisering. 
(B.G.A. ter Haar) 
IX 
De klinische diagnose "neonatale convulsies" is moeilijk en 
repeterende convulsies kunnen makkelijk worden miskend. Langdurige en 
herhaalde EEG registraties maken een eerdere diagnose mogelijk en 
maken de behandeling effectiever. 
(Eyre et el., (1983): Arch Dis Childh 58, 785) 
X 
Postoperatieve bestraling bij kinderen met een craniopharyngeoom 
verbetert de prognose en verslechtert de visuele en endocriene 
morbiditeit niet. 
(Hoogenhout et al., (1984): Int 3 Rad Oncol Biol Phys 10, 2293) 
XI 
Het bestaansrecht van de geneeskunde wordt in eerste instantie niet 
ontleend aan haar diagnostische maar aan haar therapeutische 
mogelijkheden gestoeld op verantwoord onderzoek. 
XII 
De dyscrepantie tussen de absolute toename van de wetenschappelijke 
kennis en de toepassing ervan aan de ene kant, en het ethische 
bewustzijn dat in elk individu opnieuw gestalte moet krijgen aan de 
andere kant, is de grootste bedreiging voor het voortbestaan van de 
mens. 
(Guardini, (1962): in De Gestalte Der Toekomst) 
XIII 
De indicatiestelling tot zwangerschapsinductie en -afbreking op basis 
van het wenselijkheidsprlncipe, maakt het ongeboren kind tot een 
consumptieartikel. 
XIV 
Academische geneeskunde kan alleen floreren bij gratie van maximale 
deelspeciaiistische deskundigheid in nauwe samenhang met de 
integrerende moederspecialismen. 
XV 
Het kapitalisme is de ongelijke verdeling van de rijkdom, het 
socialisme is de ongelijke verdeling van de armoede. 
(Aksjonov, in Het Krimeiland) 
XVI 
Het voorschrift dat stellingen bij een proefschrift goedkeuring 
behoeven is op te vatten als censuur. 



